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SUMMARY OF THE THESIS
C hapter I  in tro d u ces  in  b r ie f  th e  c u rre n t problems of Below-Knee 
socket f i t t i n g , -  and aims of the  au th o r in  overcoming th e se  by developing  
a new c a s t in g  tech n iq u e .
C hapter I I  g ives a b r i e f  account o f th e  h i s to r i c a l  developm ents 
of low er ex trem ity .am p u ta tio n s  and p ro s th e se s . The modem concepts of 
am putations and p ro s th e se s  i s  p re sen ted .
C hapter I I I  d ea ls  w ith  the  v a rio u s  anatom ical and p h y s io lo g ic a l 
f a c to r s  to  be taken  in to  account in  desig n in g  a su c c e ss fu l below' knee 
so ck e t.
C hapter IV d ea ls  with- th e  s u rg ic a l  c o n s id e ra tio n s  in  th e  management 
o f a  below knee amputee. The commonly used s u rg ic a l tech n iq u es  fo r  
perform ing a below knee am putation  a re  d iscu ssed . The c r i t i c a l  assessm ent 
of the  advantages and d isadvan tages o f each su rg ic a l te c h n iq u e .in  term s of 
socket f i t  a re  d e sc rib ed .
In  C hapter V, the  biom echanical p r in c ip le s  to  p rov ide  com fort, 
s t a b i l i t y  a n d .fu n c tio n a l connection  between th e  stump and th e  socket o f 
a  p a te l la r - te n d o n -b e a r in g  p ro s th e s is  a re  d e a lt  w ith .
In  C hapter V I, a  c r i t i c a l  rev iew  o f th e  e x is t in g  c a s t in g  tech n iq u es  
f o r  th e  p roduction  of a  P a te lla r-T en d o n -B earin g  socket i s  p re sen te d .
C hapter V II in tro d u ces  the au th o rs  concept of o b ta in in g  a t o t a l  
c o n tac t c a s t  by th e  use o f a i r  p re ssu re  o f c o n tro lle d  magnitude and 
uniform  d is t r ib u t io n ,  as  an a l te r n a t iv e  to  hand wrap c a s t in g  tech n iq u e .
A method to  implement the  concept in  c l i n i c a l  s i tu a t io n  i s  proposed to  
ach ieve-un ifo rm  p re ssu re  d i s t r ib u t io n  a t  th e  tim e of c a s tin g  and 
in c o rp o ra tio n  o f o th e r biom eclianical fe a tu re s  in  the  c a s t  i t s e l f .
C hapter V III d iscu sse s  in  d e ta i l  the  method o f p roducing  th e  stump 
c a s ts  by th e  a i r  p re ssu re  c a s tin g  techn ique f o r  making below knee so c k e ts .
In  C hapter IX, c r i t e r i a  f o r  s e le c t io n  of p a t ie n ts  f o r  the  c l i n i c a l  
t r i a l s  and in d ic a tio n s  in  ro u tin e  p ra c t ic e  fo r  the  new socket a re  d isc u sse d .
C hapter X d e sc rib e s  th e  o rg a n is a t io n  o f the  c l i n i c a l  t r i a l s  and th e  
r e s u l t s  o b ta in ed .
In  C hapter X I, th e  work done i s  review ed to  determ ine how f a r  i t  has 
achieved i t s  o b je c t iv e s . The f u r th e r  work s t i l l  to  be u n d e rtak en , and th e  
o th e r  a p p l i c a b i l i t i e s  of th e  concejot o f a i r  p re ssu re  c a s t in g  a re  su g g ested .
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CHAPTER -  I
INTRODUCTION AND OBJECTIVES
1. INTRODUCTION
The rep lacem ent o f an ex trem ity  by an a r t i f i c i a l  dev ice  fo r  r e s to r a t io n  o f 
th e  fu n c tio n  has been in  p ra c t ic e  s in ce  p r e - h is to r ic  tim es . The n a tu re  and 
type  o f th e  p ro s th e s is  in  use a t  a p a r t i c u la r  tim e depended on th e  s t a t e  o f 
a r t  and sc ien ce  p re v e la n t th en , a s  i s  ev id en t from th e  use o f th e  a n c ie n t 
peg le g s  to  th e  use o f  most advanced lim bs o f th e  modem tim es ,
/
The f i r s t  s ig n i f ic a n t  advance in  replacem ent o f th e  l o s t  limb a t  th e  below 
knee le v e l  i s  a t t r ib u te d  to  V erudin, a  Dutch surgeon who in ven ted  th e  
"C onventional” Below-Khee p ro s th e s is  in  1696. This lim b even today  i s  used 
q u ite  e x te n s iv e ly . However d u rin g  modem tim es, in  th e  l i g h t  o f  c u rre n t 
knowledge o f  anatom ical and p h y s io lo g ic a l c o n s id e ra tio n s  o f  th e  stump and 
b iom echanical p r in c ip le s  o f  lim b f i t t i n g ,  i t  i s  no more con sid ered  an  id e a l  
lim b. The so cke t in  t h i s  p ro s th e s is  i s  so designed  th a t  i t  u t i l i s e s  only  
th e  proxim al p re s su re  to le r a n t  a re a s  o f  th e  below knee stump f o r  w eight 
b e a rin g . Because o f  th e  l im ite d  a re a  in  co n tac t v/ith  th e  stump, i t  i s  
u s u a lly  n ecessa ry  to  p ro v id e  a d d it io n a l  w eight b e a rin g  c a p a b i l i ty  through 
th e  suspension  mechanism, by th e  thigh, o r th e  i s c h ia l  tu b e ro s ity ..  S ince  i t  
i s  n o t a  t o t a l  c o n tac t socke t oedema o f th e  stump may develop due to  th e  
c o n s tr ic t in g  e f f e c t  o f  th e  th ig h  c o rs e t .  F u r th e r , due to  th e  p resen ce  o f  a  
s in g le  a x is  m echanical knee j o i n t  in  th e  p ro s th e s is ,  f r i c t i o n  and p is to n  
a c t io n  cannot be avoided  r e s u l t in g  in  e x c o r ia tio n  o f sk in , and abnormal 
p re s su re s  over th e  stump. The movement i s  a ls o  n o t so n a tu r a l  and g ra c e fu l ,  
due to  r e s t r i c t i o n s  imposed by th e  m echanical knee j o i n t .  Furtherm ore 
com fort and e ffe c tiv e n e s s  a r e  o f te n  s a c r i f ic e d  because o f  a  la c k  o f  under­
s tan d in g  o f th e  fo rc e  a c tio n s  to  be tra n s m itte d  in  r e l a t io n  to  th e  r o le  o f 
th e  c o rs e t ,  s id e  jo in t s  and so ck e t.
With th e se  problems in  mind, R e d c lif fe  and F oort a t  th e  U n iv e rs ity  o f 
C a lifo rn ia , a f t e r  se v e ra l y ears  o f  d e ta i le d  work in  t e s t in g  and e v a lu a tin g  
p r in c ip le s  and p rocedu res, developed a  lim b in  1959> known a s  " P a te l la -  
Tendon-Bearing” p ro s th e s is .  In  th i s  p ro s th e s is  th e re  i s  no th ig h  c o rs e t ,  
s id e  s t e e l s  o r m echanical knee j o in t  and th u s  th e  amputee i s  a b le  to  make 
f u l l  use o f  th e  knee jo i n t  whose fu n c tio n  rem ains u n a ffe c ted  fo llo w in g  
below knee am putation su rg e ry . The Below-Khee stump a lo n e  i s  u t i l i s e d  a s  a  
w eight b e a r in g  and dynamic fo rc e  tra n s m it t in g  organ by making use  o f  a l l  th e
p re s su re  to le r a n t  a re a s  o f  th e  stump. The In tro d u c tio n  o f th e  P a te l l a -  
Tendon-Bearing (PTB) p ro s th e s is  was acclaim ed  a s  a m ajor advance in  
p r o s th e t ic s  and soon v/as adopted  a l l  over th e  w orld.
2. OBJECTIVE
The su c c e ss fu l f i t t i n g  o f a  below-knee amputee w ith  a  com fortab le  and 
fu n c tio n a l P a te lla -T en d o n -B earin g  socket depends e n t i r e ly  on th e  p l a s t e r  
wrap c a s t  o f th e  stump and subsequent r e c t i f i c a t i o n s  o f th e  p o s i t iv e  p la s t e r  
mould made from th e  wrap c a s t .  A p ro p er wrap c a s t  should be co n sid ered  a s  
an a c c u ra te  th re e  dim ensional measurement o f th e  stump which, a f t q r  
a p p ro p r ia te  r e c t i f i c a t i o n s  w i l l  become th e  mould fo r  a  fu n c tio n a l so ck e t. 
C asting  by hand and subsequent m o d if ic a tio n s  re q u ire s  a  h igh  degree  o f  s k i l l  
on th e  p a r t  o f  an experienced  p r o s th e t i s t ,  and even then  a  c o n s id e ra b le  
amount o f  e r ro r  can occu r. The f i t  o f  a  f in is h e d  socket th e re fo re  depends 
upon th e  s k i l l  o f  th e  p r o s th e t i s t  ta k in g  th e  c a s t ,  c e r ta in  in h e re n t draw­
backs o f hand c a s tin g  tech n iq u e , and th e  amount o f  r e c t i f i c a t i o n s  th a t  th e  
p r o s th e t i s t  co n sid e rs  n e ce ssa ry .
Keeping in  mind th e  above l im i t in g  f a c to r s  in  su cc e ss fu l c o n s tru c tio n  o f  a  
so ck e t, th e  au th o r has dev ised  a  techn ique  in  which hand wra-p c a s t in g  and 
i t s  a s s o c ia te d  drawbacks a r e  e lim in a ted  by th e  use o f A ir  P re s su re  c a s t in g  
tech n iq u e . In  t h i s  tech n iq u e  c o n tro lle d  uniform  a i r  p re s su re  i s  used f o r  
th e  p la s t e r  c a s t  to  s e t .  The o th e r im portan t fe a tu re  o f  t h i s  tech n iq u e  i s  
th a t  in  th e  c a s t  i t s e l f  a l l  th e  p o s i t iv e  r e c t i f i c a t i o n s  a r e  in c o rp o ra te d , 
and th u s  th e  p o s i t iv e  mould made out o f  th e  c a s t  by t h i s  tech n iq u e  re q u ire s  
only  b a re  minimum m o d if ica tio n s  p r io r  to  socke t f a b r ic a t io n .
The procedure i s  easy to  le a r n  and can be e a s i ly  c a r r ie d  ou t by a  p r o s th e t i s t  
w ith  average  knowledge and s k i l l  o f  th e  a r t ,  a s  th e  f a c to r s  o f  human e r ro r  
a re  e lim in a ted  to  a  g r e a t . e x te n t. The d e ta i l s  o f th e  concept and th e  
techn ique  o f p re s su re  c a s t in g  a re  d e sc rib e d  in  ch ap te rs  V II and V III  
re s p e c t iv e ly .
CHAPTER -  I I
HISTORY OF AMPUTATION AND PROSTHETIC FITTING
1. HISTORY OF AMPUTATION
K irk in  h is  monograph on th e  development o f am putation , in d ic a te s  th a t  
th e re  i s  a rc h a e o lo g ic a l evidence th a t  am putations were done d u rin g  th e  
N e o lith ic  ag e . Amputations among th e se  p r im it iv e  people  were done fo r  
punishm ent o r magic r i t u a l s  r a th e r  than  w ith  s u rg ic a l in t e n t .  There i s  no 
re c o rd  o f  am putations in  th e  Old Testam ent o r th e  Egyptian  m edical p a p y ri. 
The a r t i f i c i a l  lim bs found on mummies a r e  co n sid ered  embalmers a r t  r a th e r  
than  evidence o f th e i r  ever be ing  used. There i s  a  re fe re n c e  to  a r t i f i c i a l  
lim bs in  th e  R ig  "Veda o f 1500 -  800 BC.
The e a r l i e s t  e x is t in g  s c i e n t i f i c  account o f  am putation i s  in  th e  H ippocratic  
t r e a t i s e  on jo in t s  du rin g  th e  l a t e r  h a l f  o f th e  F if te e n th  C entury. He 
d esc rib ed  v a sc u la r  gangrene a s  an in d ic a tio n  f o r  am putation , and advocated  
e i th e r  w a itin g  fo r  s e p a ra tio n  to  occur n a tu r a l ly  o r  to  am putate a t  th e  
j o i n t  "below th e  boundaries o f b lackening" a s  soon a s  i t  was " f a i r l y  dead 
and had l o s t  i t s  s e n s ib i l i t y " .  He ad v ised  "not to  wound th e  l i v in g  p a r t  
l e s t  th e  p a t ie n t  swooned away and d ied  from p a in " . H ip pocra tes  a ls o  r e f e r s  
to  th e  use o f  c a u te ry  f o r  haem o stasis . C.elsus advocated  am putation  a t  th e  
l i n e  o f dem arcation between h e a lth y  and gangrenous t i s s u e ,  and was th e  f i r s t  
to  ad v ise  l ig a tu r e  o f  b lood  v e ss e ls  to  c o n tro l haem orrhage. From Hippocrates 
through Celsus am putation fo r  v a sc u la r  gangrene was advocated  a s  a  l a s t  
r e s o r t  b u t by about 100 AD du rin g  A rchigenes and H e lid o ru s , i t  had become 
a  reco g n ised  procedure fo r  u lc e r s ,  grow ths, in ju r ie s  and d e fo rm it ie s .
Celsus in  th e  F i r s t  Century and Yperman in  th e  T h ir te e n th  used l i g a tu r e s .
I t  appears th a t  d u rin g  th e  m iddle ages much o f th e  e a r l i e r  te ac h in g s  o f 
Celsus were fo rg o tte n , and i t  was n o t u n t i l  th e  S ix teen th  C entury, th a t  
Pare -  f a th e r  o f modem am putation p r a c t ic e ,  re in tro d u c e d  th e  l i g a t io n  o f 
blood v e s s e ls  and abandoned th e  use o f c a u te ry  or b u rn ing  h o t o i l  to  co n tro l 
haemorrhage,. He a lso  in tro d u ced  th e  concept o f s i t e s  o f  e le c t io n  fo r  
am putation . H is ideas on p ro s th e t ic  design  and p ro s th e t ic  management o f 
h is  p a t ie n ts  s tan d  comparison w ith  p re se n t day lim bs.
The use o f to u rn iq u e t made l ig a t io n  e a s ie r .  The c re d i t  fo r  i t s  in v e n tio n  
■goes to  Morel (1674) > b u t many e a r l i e r  surgeons such a s  B o tta lu s  ( 1560) and 
F abricus Von H ilden used one o r more t ig h t  bands round th e  lim b . P e t i t
(1718) used a com pressive to u rn iq u e t and Esmarch (1873) in tro d u ced  a  ru b b er 
bandage.
P o st o p e ra tiv e  management o f wounds has changed w ith  th e  C en tu rie s . 
H ippocra tes p ra c t ic e d  am putating  through d e v i ta l is e d  t i s s u e  and l e f t  wound 
open to  h e a l by g ra n u la tio n . • Celsus o p e ra ted  through v ia b le  t i s s u e ,  d iv id e d  
th e  bone a t  a  h ig h e r le v e l  than  s o f t  t i s s u e s ,  a llo w in g  th e  s o f t  t i s s u e  to  
f a l l  to g e th e r  over th e  bone. Ambroise P are  approxim ated th e  edges o f  th e  
wound w ith  ad h esiv e  s t r i p s .  Von G ersdo rff l a t e r  in  a d d it io n  to  ad h esiv e  
s t r i p s  used anim als b lad d er to  cover th e  wound. Brunsewig used com bination 
o f  su tu re s  and bandages. Yonge and Lowdham (l 679) in tro d u ced  f la p  am putation 
which made c lo su re  e a s ie r  than  in  e a r l i e r  method o f  c i r c u la r  am puta tion .
The o p e ra tiv e  m o r ta l i ty  r a t e  was very  h igh  and was due to  shock produced by 
am putation due to  la c k  o f  a n a e s th e s ia , haemorrhage and s e p s is .  A g a in st 
such odds, speed was e s s e n t ia l  to  le s se n  shock. Ferguson (1845) could  
am putate w ith in  30 seconds and com pleted th e  p rocedure in  th re e  m inu tes. 
Surgeons worked w ithou t s k i l l e d  h e lp . While two a s i s t a n t s  r e s t r a in e d  th e  
p a t ie n t ,  a  t h i r d  ad m in is te red  p a in  r e l ie v in g  drugs and a  fo u r th  handed him 
th e  in s tru m en ts . The s e p s is  r a t e  was v e ry  h igh  due to  la c k  o f knowledge o f 
a n t i s e p t ic s  and a s e p s is .  The d e sc r ip tio n  o f  Dupuyfcren o p e ra tin g  i s  th a t  
"he wore a  d i r t y  w hite  apron , su p e rf lu o u s ly  p ro te c t in g  a d i r t i e r  p a i r  o f  
t ro u s e r s ,  a  g reasy  th read b are  co a t and w ell worn c a rp e t sh o es" . P iro g o f f  
( I 864) op era ted  w ithou t w earing g loves. B igelow’ s a s s i s t a n t s  a t  
M assachusetts  G eneral H o sp ita l c a r r ie d  su tu re s  in  b u tto n  h o le s  o f t h e i r  
o p e ra tin g  co a ts  in  th e  1870’ s and a s  l a t e  a s  1880’s would h o ld  th e  su tu re s  
in  th e i r  mouths.
2. HISTORY OF PROSTHESIS
The h is to r y  o f  p ro s th e s is  i s  a s  o ld  a s  th a t  o f  am putation i t s e l f .  There i s  
m ention o f  a r t i f i c i a l  lim bs in  th e  R ig  Veda. The e a r l i e s t  known re c o rd  o f  a  
p ro s th e s is  used by man was made by a  Greek h i s to r ia n ,  H erodotus (424 BC), 
who t e l l s  o f H e g is tra tu s  o f  E l is ,  a  s e e r  who was condemned to  death  by th e  
S p a rtan s . He was chained  by h is  le g  a w a itin g  execu tion  b u t escaped by 
am putating  h is  fo o t h im se lf , l a t e r  re p la c in g  i t  w ith  a  wooden £ o o t. Amputees 
a re  d ep ic ted  in  th e  a r t  o f a n c ie n t tim es. In  one o f th e  a n c ie n t P eru v ian  
p o t te r ie s  a  f ig u re  i s  shown w ith  a le g  am putated a t  th e  a n k le , and h o ld in g  
a p a in te d  ’ cap ' in  th e  r i g h t  hand, to  be f i t t e d  to  th e  stump. I l l u s t r a t i o n s  
‘such as  th e  mosaic in  th e  C athedra l o f  L escar in  F rance, show a  p r o s th e s is
f o r  d i s a r t i c u la t i o n  a t  th e  knee, and resem bles th e  one d e sc rib ed  and 
i l l u s t r a t e d  by P are  as  w e ll a s  th e  "Chelsea" peg used to  th e  p re se n t day. 
The e a r l i e s t  su rv iv in g  example o f  a p ro s th e s is  was Roman, found in  a  tomb 
in  Capua in  1858, and was thought to  have been made abou t 300 BC d u ring  
th e  p e rio d  o f Sam nite Wars. I t  was made o f bronze and wood, and was shaped 
to  resem ble th e  th ig h , knee and c a l f .  This limb was d e stro y ed  d u rin g  an 
a i r  r a id  on London's Royal C ollege o f  S u rgeon 's  museum d u rin g  Y/orld War I I .  
A fragm ent o f  an an tiq u e  v ase  unearthed  n e a r P a r is  in  1862, shows a  f ig u re  
w ith  a  Below Knee am putation o f th e  r i g h t  le g  w earing a py lon  w ith  a  fo rked  
end in  p la c e  o f th e  fo o t .
The wooden peg was commonly used by th e  poor, b u t i t  d id  n o t s a t i s f y  th e  
a e s th e t ic  needs o f  th e  r i c h ,  th e re fo re  th e  arm ourers s t a r t e d  making lim b s. 
Many o f  th e se  were fu n c tio n a l a s  w ell a s  d e co ra tiv e  b u t were h e a v ie r  a s  
th ey  were made o f  i ro n . In  F lo ren ce  among th e  S t i l b e r t  C o lle c tio n  i s  a  
lim b w ith  r i g i d  knee in  sem iflexed  p o s i t io n  s u i ta b le  fo r  n e i th e r  s tan d in g  
o r s i t t i n g  b u t adequate  f o r  r id in g  a s t r i d e  a  ch arg er. Pare  made le g s  o f 
iro n  v e ry  complex in  c o n s tru c tio n . V erudin ( 1696) produced th e  f i r s t  
a r t i f i c i a l  limb fo r  below-knee amputees which had a l e a th e r  so ck e t and 
th ig h  c o rs e t  w ith  a r t i c u la t e d  s id e  s t e e l s .
I t  i s  n o t known where wooden a r t i f i c i a l  lim bs o th e r than  sim ple pegs were 
f i r s t  in tro d u ced , bu t th e  sim ple wood "c lap p er"  lim b was p ro b ab ly  in troduced  
by makers such a s  Grossmith who was working in  London in  1750* James P o t t s  
o f  London i s  sa id  to  have in tro d u ced  th e  wooden le g  in  1800. The lim b h as  
co -o rd in a te d  an k le  and knee movements, produced by a r t i f i c i a l  tendons, and 
th e  g re a t c raftsm ansh ip  i s  i t s  e s s e n t ia l  f e a tu re .  The lim b i s  known a s  th e  
A nglesey le g  a f t e r  P o t t 's  most famous p a tro n , th e  M arquis o f  A nglesey, who 
l o s t  h is  le g  a t  W aterloo.
3. MODERN CONCEPT OF AMPUTATION AND PROSTHESIS .
B efore th e  F i r s t  World V/ar s u rg ic a l  tech n iq u es  very  s im ila r  to  p re se n t day 
techn iques w e re 'in tro d u ced  w herein m uscle f la p s  a r e  used. U n fo rtu n a te ly  
however due to  la c k  o f  p r o s th e t ic  advancement, th e se  o p e ra tio n s  were n o t 
considered  s a t i s f a c to r y .  These stumps were thus re v is e d  or abandoned to  
meet th e  requ irem en ts o f  th e  limb maker, th a t  i s  a  co n ica l stump. S im ila r ly , 
Symes and Through-Khee stumps were n o t considered  s a t i s f a c to r y  due to  
d i f f i c u l t i e s  in  p ro s th e t ic  f i t t i n g .  I t  was a f t e r  World War. I I  th a t  once 
ag a in  i n t e r e s t  was c re a te d  in  th e  s tudy  o f  am putations and p r o s th e s is .
The in tro d u c tio n  o f sa fe  a n a e s th e tic s  and knowledge o f  a n t i s e p t ic s  and 
a se p s is  had a  profound e f f e c t  on th e  r e s u l t s  o f  am putation .
Amputation i s  no lo n g er considered  j u s t  a  mere tra n s e c tio n  o f  th e  lim b. In  
modem tim es i t  has come to  be considered  as  a p l a s t i c  r e c o n s tru c tiv e  p ro ­
cedure. The stump i s  fash ioned  in  such a  way th a t  i t  a c ts  a s  a dynamic 
and sensory  m otor end organ. For f i t t i n g  o f a  good modem p r o s th e s is ,  a  
good stump w ith  adequate  stump s tre n g th  i s  needed, fo r  which m uscle s t a b i l ­
i s in g  p rocedures such a s  m yoplasty or myodesis o r  a  com bination o f b o th  a r e
r o u t in e ly  done th e se  days. P re -o p e ra tiv e  assessm ent of t i s s u e  v i a b i l i t y
/
s tu d ie s  a t  proposed s i t e  o f am putation and m y o p lastic  s u rg ic a l  p rocedures 
have now made i t  .p o ss ib le  to  g e t away w ith  low er le v e ls  o f  am putation  
e sp e c ia l ly  in  ischaem ic lim b s. S u rg ica l techn iques o f  Symes and Through- 
knee am putations have been m odified  to  p rov ide  b e t t e r  cosm etic lim bs, y e t 
r e ta in in g  t h e i r  b a s ic  c h a r a c te r i s t i c s  o f end b e a r in g . C onstant re se a rc h  
work goes on to  improve f u r th e r  th e  e x is t in g  s u rg ic a l  p ro ced u res . Immediate 
p o s t- s u rg ic a l  p ro s th e t ic  f i t t i n g  lias made a g re a t c o n tr ib u tio n  tow ards e a r ly  
and b e t te r  management o f th e  am putated stump. The E n d o -sk e le ta l perm anent 
p r o s th e t ic  a ttachm en t s t i l l  in  experim ental s ta g e  i s  hoped to  become a 
r e a l i t y  in  th e  n e a r fu tu re .
A fte r  World War I I  p r o s th e t ic  en g in eerin g  and design  improved c o n sid e ra b ly  
due to  advances in  technology  and av/areness o f  b io -e n g in e e r in g  im p lic a tio n s  
in c id e n t to  th e  su rg e ry  i t s e l f .  The re c o g n itio n  o f biom echanics in vo lved  
in  f i t t i n g  and alignm ent has r e s u l te d  in  improved types o f p ro s th e se s  a t  a l l  
l e v e l s .  New and b e t t e r  types o f m a te r ia ls  a r e  be ing  in tro d u ced  every  day. 
T o ta l c o n tac t s e l f  suspending sockets  a re  becoming th e  p r a c t ic e  o f  th e  day. 
The lo s s  o f anatom ical knee j o i n t  by knee mechanisms which p ro v id e  s tan c e  
and swing phase c o n tro ls  a re  now f r e e ly  a v a i la b le .  V arious ty p es  o f  
p ro s th e tic , h ip  and fo o t mechanisms a re  b e in g  designed  f o r  b e t t e r  fu n c tio n . 
S tandard  methods o f f i t t i n g  and alignm ent o f p ro s th e s is  a r e  l a i d  down and 
th e  n ecessa ry  to o ls  a re  be ing  developed to  ach iev e  t h i s  g o a l. H igh ly  
s k i l l e d  p ro fe s s io n a ls  in  m edicine, en g in eerin g  and a l l i e d  d i s c ip l in e s  a r e  
now ta k in g  keen in t e r e s t  in  t h i s  c h a llen g in g  f i e l d  and a re  p roducing  
g ra t i fy in g  r e s u l t s .
CHAPTER I I I
ANQTOMICAL AND PHYSIOLOGICAL CONSIDERATIONS HI BELOW-KNEE PROSTHETICS
Prox^er Below-knee f i t t i n g  i s  com plicated  by th e  unique anatomy o f  th e  stump 
and knee. The sk in  covering  a Below-knee stump i s  q u ite  d i f f e r e n t  from th a t  
o f th e  h e e l o r  o th e r a re a s  an a to m ica lly  s u i ta b le  fo r  lo ad  b e a r in g . The 
bones a re  n o t c lo th e d  a l l  around by m uscles a s  in  o th e r s i tu a t io n s ,  and thus 
only  few a re a s  which could t o l e r a t e  lo ad in g  a re  a v a i la b le .  The complex 
human knee j o i n t  i s  d i f f i c u l t  to  match m echan ica lly  and th u s  th e  problem s in  
f i t t i n g  and a l ig n in g  the jo in te d  s id e  b a rs  and c o rse t o f a  co n v en tional 
Below-knee p ro s th e s is .
1. FUNCTION OP THE BELOW-KNEE STUMP
F unction  o f th e  knee i s  r a r e ly  a f fe c te d ,  because in s e r t io n s  o f  m uscles and 
ligam ents th a t  c o n tro l th e  knee a re  lo c a te d  c lo se  to  th e  knee j o i n t .  F lex ion  
and ex tension  i s  th e  p r in c ip a l  a c tio n  of th e  knee, and th e  m uscles th a t  
perform  th e se  movements ta k e ’ o r i g i i  h ig h e r up a t  th e  femur and th e  p e lv is  
and a re  in s e r te d  a t  the. upper ends o f  th e  T ib ia  and F ib u la . Gastrocnem ius 
muscle, which a ls o  h e lp s  in  f le x io n  a t  th e  knee, though i s  d iv id e d , i t s  d i s t a l  
end g e ts  re -a t ta c h e d  to  th e  t i b i a  and th e  rem ain ing  m uscu la tu re  a s s i s t s  in  
f le x io n . . Those m uscles which have o r ig in s  on th e  t i b i a  and f ib u la  fo r  
c o n tro l o f  an k le  and fo o t lo s e  t h e i r  a c t io n  and g e t a tro p h ie d . The amount 
o f a tro p h y  o f th e se  m uscles i s  dependent upon su rg ic a l tech n iq u e  and p o s t­
o p e ra tiv e  c a re .
2. WEIGHT BEARING AREAS
In  a-Below-knee stump th e re  a r e  c e r ta in  p re s su re  s e n s i t iv e  a re a s  over which 
no p re s su re  could be to le r a te d .  The t i b i a l  c r e s t  which forms th e  a n te r io r  . 
p o rtio n  o f th e  le g  i s  v e ry  s e n s i t iv e  to  w eight b e a rin g , because o f  higfr u n i t  
p re s su re s  th a t  would develop over th e  sharp  k n i f e - l ik e  r id g e .  For s im ila r  
re a so n s , com pressive s t r e s s e s  cannot be to le r a te d  a t  th e  l a t e r a l  and a n te r io r  
d i s t a l  ends o f  th e  f ib u la  and t i b i a  re s p e c t iv e ly .  P re ssu re  over th e  head  o f  
th e  f ib u la  a ls o  cannot be to le r a te d  because th e  l a t e r a l  p o p l i te a l  nerve p a sse s  
on the  l a t e r a l  s id e  ju s t  below i t .  Very l i t t l e  p re ssu re  could  be to le r a te d  a t  
th e  end 6 f  the  stump-because of th e  sh ea rin g  s t r e s s e s  developed between s o f t  
t i s s u e s  and the  cu t end of th e  bone.
Knee b e a rin g  i s  commonly assumed human p o s tu re . The f ro n t  o f  th e  knee 
c o n s is ts  o f r e l a t i v e l y  in s e n s i t iv e  bony prom inences, tough ligam entous and 
tendonous s t r u c tu r e s ,  and a  s t r a t e g i c a l ly  lo c a te d  f a t  pad which c o n ta in s
dense su p p o rtin g  s t ru c tu re s .
P a te l l a r  ligam ent i s  th a t  p a r t  o f  th e  quadriceps tendon which i s  between th e  
low er a id  o f  th e  P a te l la  and a t  i t s  in s e r t io n  on to  th e  T ib ia l  tu b e rc le .  I t  
i s  composed' o f  -extremely tough, in e x te n s ib le  f ib r e s ,  and i s  p a r t i c u l a r ly  
s u i te d  fo r  com pressive lo ad s  a n te r o -p o s te r io r ly .  Because o f  i t s  e x te n s ib le  
q u a l i t i e s  th e re  i s  l i t t l e  o r r e l a t i v e ly  no m otion between th e  p a te l l a  and th e  
t i b i a  when- th e  quadriceps develops te n s io n , a  co n d itio n  which p e rm its  com­
p re s s iv e  lo ad s  over th e  quadriceps tendon, p e rp e n d icu la r  to  th e  f ib r e s ,  up to  
th e  proxim al edge of th e  p a t e l l a .  The sharp  low er edge o f th e  p a te l l a  how­
ever i s  n o t s u i te d  fo r  w eight b e a rin g . '
F la re s  o f  th e  t i b i a l  condyles a r e  w edgelike in  shape covered w ith  th in ,  tough 
o v e rly in g  t i s s u e s .  The m edial and l a t e r a l  f l a r e s  o f th e  t i b i a l  condyles can 
assume p a r t  o f th e  w eight b e a r in g .lo a d . Most o f th e  w eight b e a r in g  su rfa c e  
i s  p rov ided  by th e  m edial f l a r e ,  because p a r t  o f th e  l a t e r a l  f l a r e  i s  • 
obscured by th e  head o f th e  f ib u la .  F u r th e r , due to  p ro x im ity  o f  s e n s i t iv e  
zones l ik e  head  o f  f ib u la  and rough t i b i a l  tu b e rc le  th e  u se fu l w eight b e a r in g  
a re a  o f l a t e r a l  f l a r e  i s  co n s id e rab ly  reduced . Thus th e  m edial f l a r e ,  though 
sm alle r p ro v id es  more su rfa ce  a re a  f o r  lo ad  b e a rin g .
The s h a f t  of th e  t i b i a  i s  rough ly  t r i a n g u la r .  I t s  a n te ro -m ed ia l w a ll though 
covered w ith  th in  la y e r  o f t i s s u e s  i s  s u i ta b le  f o r  assum ing some o f  th e  
w eight b ea rin g  s t r e s s e s .  The a n te r o - l a t e r a l  w all on th e  c o n tra ry  i s  covered 
by T ib ia l i s  a n te r io r  m uscle. Though th i s  m uscle g e ts  a tro p h ie d  a f t e r  
am putation , i t  can s t i l l  tra n sm it w ithou t d iscom fort c o n s id e ra b le  lo a d  to  
th e  a n te r o - l a t e r a l  w all o f  th e  t i b i a l  s h a f t  o f th e  stump.
3. THE KNEE JOINT
The human knee jo in t  i s  formed by th e  condyles o f th e  femur and t i b i a ,  and 
allow s about 160 degrees o f f le x io n . The jo in t  su rfa c e s , lig am en ts  and 
m uscular a ttachm en ts  p ro v id e  c o n sid e rab le  s t a b i l i t y .  The fem oral condyles 
r id e s  on a concave pad o f c a r t i la g e  which r e s t s  on th e  s u rfa c e  o f  th e  m edial 
and l a t e r a l  condyles o f  th e  T ib ia . The a r t i c u l a t i n g  su rfa c e s  o f  th e  T ib ia  
and Femur a r e  en capsu la ted  by a synov ia l membrane which s e c re te s  th e  l u b r i ­
can t fo r  th e  j o i n t .
The human knee jo in t  i s  n o t a  sim ple h inge  j o in t  w ith  a  s in g le  a x is  o f  r o t a ­
t io n .  Because o f th e  shape o f th e  a r t i c u l a t i n g  su rfa c e s , movement o f T ib ia  
in  re s p e c t to  Femur i s  a  com bination o f g l id in g  and r o l l in g  a c t io n  and some 
degree o f r o ta t io n .  The c e n tre  o f in s tan tan eo u s  c e n tre  o f  r o ta t io n  o f
th e  knee thus v a r ie s  w ith each degree o f f le x io n . The exact course  o f th e  
c e n tre s  f o r  d i f f e r e n t  in d iv id u a ls  cannot be determ ined degree by degree 
d u rin g  knee m otion. Even an average  anatom ic c e n tre  i s  e s tim a te d  rough ly  
to  be in  th e  p o s te r io r  p o r tio n  o f  th e  fem oral condyles.
In  th e  conven tional b e lo w -k n ee-p ro sth e s is , i t  i s  a  common p r a c t ic e  to  
d i s t r i b u t e  th e  w eight b e a r in g  between th e  stump and th ig h  by u s in g  a  sim ple 
h inge  jo i n t  connected to  th e  th ig h  c o r s e t .  The th ig h  c o rs e t  su p p o rts  some 
o f  th e  superincum bent w eigh t, w ith  a  consequent re d u c tio n  o f lo a d  a p p lie d  to  
th e  stump* S ince  th e  c e n tre  o f  r o ta t io n  o f anatom ic knee moves c o n s ta n tly  
w ith  f le x io n  o r ex ten sio n , i t  i s  n o t p o s s ib le  to  m ain ta in  ex ac t congruency 
o f  th e  m echanical and anatom ic knee ax es , even i f  a  p o ly c e n tr ic  m echanical 
knee j o i n t  i s  in co rp o ra ted . I t  r e s u l t s  in  r e l a t i v e  m otion betw een th e  body 
p a r ts  and th e  p ro s th e s is  causing  c h a ffin g , i r r i t a t i o n  and abnorm al p re s su re s  
over th e  stump.
4 . OEDEMA
In  th e  norm al in ta c t  lim b, th e  pumping a c tio n s  o f  th e  m uscles i s  an im portan t 
f a c to r  fo r  th e  r e tu rn  o f  venous b lood back towards the  h e a r t .  In  a  stump 
th e re  i s  a  tendency  fo r  oedema to  develop in  th e  dependent p o r t io n  u n le ss  
p re s su re  i s  a£>plied to  th e  e n t i r e  stump. F u r th e r , co n cen tra ted  p re s su re s  in  
one a re a  can cause oedema in  a  d i s t a l  a re a  e i th e r  by in h ib i t in g  m uscle a c t io n  
o r by r e s t r i c t i n g  th e  low p re s su re  venous o r lym phatic r e tu r n .  T ig h t f i t t i n g  
o f  th e  socket p rox im ally -and  lo o se  f i t  d i s t a l l y  i s  an o th er c o n tr ib u t in g  fa c to r  
in  th e  developm ent. o f stump oedema. In  a d d it io n , te rm in a l oedema o f  th e  stump 
may develop due to  th e  c o n s t r ic t in g  e f f e c t  o f th ig h  c o rs e t .
5 . SOCKET DESIGN
Taking in to  account th e  v a rio u s  anatom ical and p h y s io lo g ic a l f a c to r s ,  a 
socket should be designed  which should have a s  f a r  a s  p o s s ib le  th e  fo llo w in g  
c h a r a c te r i s t i c s :  -
Suspension o f th e  p ro s th e s is  should n o t be ach ieved  by s id e  j o i n t s  and 
th ig h  c o rs e t . '
The w e ig h t-b ea rin g  lo ad s  must be tra n sm itte d  through th e  stump to  th e  
s k e le ta l  system in  such a  way th a t  i t  does n o t exceed th e  v a ry in g  
to le ra n c e  o f th e  d i f f e r e n t  t i s s u e s .
The g re a te r  a re a  o f  th e  stump should  be  in  c o n tac t w ith  th e  in n e r 
so ck e t-w a ll. A to t a l  co n tac t socke t p ro v id es  b e t t e r  sen so ry  feed -b ack
to  th e  w earer. I t  a lso  decreases  to  some e x ten t th e  lo a d  th a t  must 
he borne by th e  o th e r a re a s  o f  th e  stump. In  a d d it io n , i t  h e lp s  to  
p reven t oedema and a id s  venous r e tu rn .
In  a  p ro s th e s is  th e  most im portan t p a r t  i s  th e  so ck e t. In  th e  absence o f a  
so ck e t design  based on v a rio u s  anatom ical and p h y s io lo g ic a l f a c to r s ,  com fort, 
s t a b i l i t y  and fu n c tio n  would be s e r io u s ly  a f f e c te d .  A p p lic a tio n  o f b io ­
m echanical p r in c ip le s  as a  whole in  th e  c o n s tru c tio n  o f a p ro s th e s is  i s  
e s s e n t ia l  f o r  su cc e ss fu l r e h a b i l i t a t io n  o f  th e  amputee.
CHAPTER IV
BELOW KITEE AMPUTATION SURGERY 
.1. GENERAL CONSIDERATIONS
Advance in  m edical sc ien ce  has in c reased  th e  l i f e  span o f man by a t  l e a s t  22 
y ears  during  th e  p a s t  50 y e a rs , a s  quoted by Tosberg in  1959* T h erefo re  
th e re  i s  an in c re a se d  tre n d  in  th e  r a t e  o f  am putation among e ld e r ly  p eo p le . 
Hanson (19^5) o f  Sweden has re p o r te d  th a t  th e  am putation r a t e  among p eo p le  
over 60 years  o f  age has gone up from 34 p e r  100,000 in  1947 to  120 p e r 
1 00 ,000  in  1962 . A uthors from o th e r c o u n tr ie s  have a lso  re p o r te d  a  s im ila r  
upward tre n d  in  th e  r a t e  o f  am putation  o f th e  low er ex trem ity  in  o id e r  age 
groups due to  in c re a se  in  l i f e  span (Record ,19^3? V i t a l i  1964> Pederson 1968).
Thou^i traum a, ch ron ic  in fe c t io n ,  tum ours, d e fo rm itie s , c o n g e n ita l limb 
d e f i c i e n c ie s , . p a r a ly s is ,  e tc ,  a r e  among s e v e ra l in d ic a tio n s  f o r  am puta tion , 
v a sc u la r  in s u f f ic ie n c y  today h as become one o f th e  most common in d ic a t io n s  
fo r  low er limb am puta tions. In  a re c e n t s t a t i s t i c a l  r e p o r t  p u b lish e d  by The 
Department o f H ealth  and S o c ia l S e c u r ity , i t  h as been b rought ou t t h a t  th e re  
had been 5014 am putations in  England d u rin g  th e  year 1975* out o f  which 3638 
were perform ed on p a t ie n ts  over th e  age o f 60 y e a rs . V ascu lar in s u f f ic ie n c y  
was th e  cause o f  am putation in  3049 case s , ou t of which 2553 were among 
p a t ie n ts  over 60 years  o f  ag e . Such a  h ig h  p e rcen tag e  o f low er lim b lo s s  due 
to  v a sc u la r  in s u f f ic ie n c y  has been re p o r te d  by a  la rg e  number o f  a u th o rs  
( V i t a l i  1964 -  58.4^> Hanson 19&5 -  85/&, Burgess 1969 -  80^, Kihn 1972 -  91»3>  ^
Robinson 1976 -  73^) • I t  i s  obvious th a t  th e  n e c e s s i ty  to  perform  low er lim b 
am putations f o r  advanced v a sc u la r  d is e a se  i s  p r im a r i ly  because o f  in c re a se d  
lo n g e v ity .
An e ld e r ly  p a t ie n t  i s  becoming an in c re a s in g ly  im portan t segment o f  th e  
s u rg ic a l  p r a c t ic e  today . In  th e  p a s t ,  s u rg ic a l  p r a c t ic e  was r a r e l y  extended 
beyond th e  b a r r i e r s  commonly thought to  be imposed by o ld  ag e . An e ld e r ly  
perso n , in  a d d itio n , to  normal d e c lin in g  p h y s io lo g ic a l p ro c e sse s , s u f f e r s  from 
many c o e x is tin g  d is e a s e s , which .in  tu rn  s e r io u s ly  im pairs wound h e a lin g  and . 
a f f e c t s  h is  generh l p h y s ica l h e a l th .
Surgery in  th e  p a s t  r e s u l te d  in  h igh  m o r ta l i ty  r a t e s  amongst th e  o ld e r  age 
group. S i l b e r t  (1948) re p o r te d  a  m o r ta l i ty  r a t e  o f 44 p e r  c e n t. However, a t  
p re se n t th e  m o r ta l i ty  r a t e  has g rad u a lly  come down, because o f a b i l i t y  to  
c o n tro l in fe c t io n ,  improved methods o f a n a e s th e s ia  and s u rg ic a l  te ch n iq u es , 
and improved management of c o -e x is t in g  d ia b e te s , c a rd io -v a sc u la r , pulmonary 
and re n a l  d is e a s e s .
The m o r ta l i ty  o f o p e ra tio n  now v a r ie s  from 10-25  p e r  cen t ( L i t t l e ,  1975)*
Not to o  lo n g  ago f o r  gangrene o f  lower ex trem ity  due to  ischaem ia, am putation 
a t  m id -th igh  le v e l  was perform ed to  ensure prim ary  h e a lin g . There a re  s t i l l  
many who advocate  i t  fo r  reasons o f quick h e a lin g  and s h o r te r  h o s p i ta l  s ta y , 
even i f  th e  p r o s th e t ic  r e h a b i l i t a t io n  s ta tu s  i s  d o u b tfu l. However, th e re  h as 
been a  re c e n t t re n d  to  o b ta in  am putations a t  more d i s t a l  l e v e l s ,  w ith  a  view 
to  r e ta in in g  th e  knee jo i n t ,  a  f a c to r  o f  immense v a lu e  f o r  th e  fu tu re  
fu n c tio n a l s ta tu s  o f th e  amputee. Absence o f  th e  knee j o i n t  in c re a se s  
co n sid e rab ly  th e  demand fo r  energy ou tpu t in  w alking w ith  th e  p ro s th e s is ,  
even in  a  h e a lth y  a d u l t ,  and th i s  a d v e rse ly  a f f e c t s  th e  a lre a d y  low p h y s ica l 
s ta tu s  o f th e  v a sc u la r  amputee. I t  i s  a d v isa b le  to  conserve th e  knee jo i n t  
f o r  th e  fo llo w in g  re a s o n s :-
The o p e ra tiv e  m o r ta l i ty  i s  low er than  i t  i s  f o r  above knee p ro ced u res .
B e t te r  chances o f  p r o s th e t ic  r e h a b i l i t a t io n .
Energy ex pend itu re  d u rin g  am bulation i s  l e s s .
Less s t r a in  i s  imposed on th e  o th e r  in t a c t  limb which may a ls o  be 
invo lved , a th e r o s c le ro s is  be in g  a g e n e ra lis e d  d is e a s e .
P a te l l a  Tendon B earing  p ro s th e s is  f o r  t h i s  le v e l  o f am putation  i s  
l i g h t e r  and easy to  p u t on.
P re se rv a tio n  o f knee j o i n t  a llow s a more normal g a i t  and av o id s  th e  
need f o r  m echanical d ev ices  such a s  knee lo c k s .
Walking up h i l l s  o r down th e  s lo p es  i s  e a s ie r  because o f  b e t t e r  
ba lance  and s e c u r i ty .
There i s  b e t t e r  sensory  feedback due to  a  la r g e r  stump a re a  be ing  in  
co n tac t w ith  th e  so ck e t.
Turning in  bed i s  f a c i l i t a t e d .
Even i f  th e  e ld e r ly  p a t ie n t  becomes a b i - l a t e r a l  below knee am putee, 
he would be a b le  to  walk due to  p re s e rv a tio n  o f th e  knee j o i n t s .
To a s s e s s  th e  le v e l  o f am putation no s in g le  c r i t e r i a  i s  e n t i r e ly  r e l i a b l e .
The le v e l  o f  am putation i s  determ ined  by a s s e s s in g  th e  le v e l  o f  v a sc u la r  
su f f ic ie n c y  in  th e  ex trem ity  by c a re fu l c l i n i c a l  exam ination, o b je c t iv e  
c l i n i c a l  t e s t s  and f i n a l ly  by assessm ent o f  s t a t e  o f  c i r c u la t io n  a t  o p e ra tio n . 
However c l i n i c a l  judgement concern ing  th e  s t a t e  o f c i r c u la t io n  and n u t r i t i o n  
o f  th e  sk in  and m uscles a t  th e  tim e o f o p e ra tio n  i s  th e  most im p o rtan t f a c to r
in  p re d ic t in g  th e  h e a lin g  o f  th e  stump. Kfhn, Warren and Beebe (1972) have 
p o in ted  out in  a s tudy  th a t  th e  low est p a lp a b le  p u lse  does n o t s ig n i f ic a n t ly  
in flu en c e  th e  prim ary o r secondary h e a lin g  r a t e  o f below knee am pu ta tions. 
However th e  amount o f b le ed in g  no ted  a t  o p e ra tio n  d id  show some c o r r e la t io n ,  
even tua l h e a lin g  o c cu rrin g  in  69rfo o f th o se  showing 'non o r l i t t l e '  b leed in g , 
77^ in  ih e  p resen ce  o f  'somewhat d im in ished ' b le ed in g  and SJfo in  th e  p resen ce  
o f 'no rm al' b le ed in g .
In  th e  l i g h t  o f above f in d in g s  th e re  i s  no j u s t i f i c a t i o n  in  perfo rm ing  above 
knee am putations a s  a  ro u t in e ,  u n le ss  th e re  a r e  d e f in i te  c o n tra - in d ic a t io n s  . 
f o r  a  below knee le v e l .  I f  however th e re  i s  evidence o f tro p h ic  changes 
above th e  proposed le v e l  o f am putation  o r j o i n t  d iso rd e rs  in  th e  form o f 
severe  c o n tra c tu re s , p a in fu l a r t h r i t i s  and g ro s s ly  u n s tab le  j o i n t ,  below 
knee am putation  i s  c o n tra - in d ic a te d .
A rte rio g rap h y , therm ography, sk in  mapping w ith  i n t e r - a r t e r i a l  f lu o re s c e in , 
ra d io a c tiv e  Xenon and tran scu tan eo u s dopp ler reco rd in g s  a r e  u s e fu l a d ju n c ts  
in  de term in ing  th e  le v e l  o f  am putation .
Today a la rg e  number of v a sc u la r  p a t ie n ts  a r e  g e tt in g  away w ith  d i s t a l  
am putations due to  improved s u rg ic a l  te ch n iq u es . Kihn, Warren and Beebe 
( 1972) have p o in te d  ou t th a t  d u rin g  a  th re e  year p e rio d  th ey  n o tic e d  a  
change in  r a t i o  o f below knee to  above knee am putations from O.42  to  0074- 
L i t t l e  ( 1973) re p o r te d  th a t  w h ile  in  19^7 only  one in  s ix  am puta tions 
perform ed was a t  below knee le v e l ,  by 1971* two in  every th re e  were a t  below 
knee le v e l .  Wray, S t i l l  and M oretz (1972) perform ed below knee am puta tions 
in  93/6 cases .
2o GENERAL SURGICAL PRINCIPLES
A. SITE OF ELECTION 
The m iddle th i r d  of th e  le g  i s  considered  th e  b e s t  s i t e  fo r  below knee 
am putation . T his g iv es  a  stump le n g th  o f  5" -  7" below th e  knee j o i n t  le v e l ;  
s u f f ic ie n t  to  c o n tro l th e  a r t i f i c i a l  limb e f f e c t iv e ly .  Longer stumps a r e  n o t 
e f f e c t iv e  from th e  p o in t of view o f power or c o n tro l and a re  s u b je c t  to  
c i r c u la to r y  d is tu rb a n ce s  and p ro s th e t ic  o b je c tio n s .
In  cases o f p e r ip h e ra l  v a sc u la r  d is e a se  th i s  id e a l  len g th  may n o t be f e a s ib le  
to  o b ta in . The surgeon under th e se  c ircum stances must t r y  to  save a l l  lengths 
down to  th e  optimum le v e l ,  keep ing  in  view th e  im portance o f sav in g  th e  knee 
j o i n t .  Today, w ith  advances in  th e  c o n s tru c tio n  o f  p ro s th e se s , a  bone le v e r  
a s  sh o r t a s  2-J-" can be made use o f fo r  e f f e c t iv e  limb f i t t i n g .  Very sh o r t  
below knee stumps a re  p re fe ra b le  to  h ig h e r am putation , p ro v id ed  th e  in s e r t io n
o f th e  p a t e l l a r  ligam ent i s  r e ta in e d .
B la i r  and M orris 0 9 4 6 ) advocate  s e c tio n in g  o f  th e  ham string  m uscles a t  th e  
le v e l  o f knee j o i n t  to  in c re a se  th e  fu n c tio n a l le n g th  o f  a  sh o r t  below-knee 
stump. About 2" o f u sab le  stump le n g th  i s  ach ieved  by th i s  p rocedure .
Though th e re  i s  lo s s  o f power in  f le x io n  i t  i s  compensated f o r  by th e  w eight 
o f th e  p ro s th e s is .
In  c h ild re n  w h ile  perform ing  a  below knee am putation th e  stump should be k ep t 
a s  long  a s  p o s s ib le . I f  overgrowth o f th e  bone occurs in  r e l a t i o n 1 to  th e  
s o f t  t i s s u e s ,  th e  p ro je c tin g  bone can be trimmed a s  re q u ire d .
B. TREATMENT OF TISSUES
The t i s s u e s  d u rin g  th e  s u rg ic a l  procedure  should  be hand led  w ith  utm ost c a re , 
e s p e c ia l ly  in  an ischaem ic limb where th e  t i s s u e  v i a b i l i t y  i s  a lre a d y  in  a  
s t a t e  of c r i t i c a l  b a lan ce .
a .  SKIN '
The cause o f sk in  breakdown o f th e  stump i s  poor c i r c u la t io n .  D uring 
am putation to  c lo se  th e  stump sk in  f la p s  a re  fa sh io n ed , and th i s  r e s u l t s  
in  impairment of blood v e s s e ls .  Impairment o f blood v e s s e ls  se rv in g  th e  
sk in  cannot be avoided , b u t c e r ta in ly  can be m inim ised by c e r ta in  procedures:-
( i )  th e  sk in  m o b ilis a tio n  from deeper t i s s u e s  should  be av o id ed . The f la p s  
should be fa sh io n ed  in  such a way th a t  th ey  co n ta in  sk in , f a s c ia  and m uscle 
a s  one mass. No d is s e c tio n  between v a rio u s  p lan es  should be done to  av o id  
impairm ent o f th e  v a s c u la r i ty  o f  th e  f la p ,  ( i i )  Sharp in s tru m en ts  shou ld  
n o t be used in  h an d lin g  sk in  edges, in s te a d  gloved f in g e rs  o r swabs should  
be used, ( i i i )  The sk in  f la p s  should be p laced  over w ell fu n c tio n in g  
m uscles, ( iv )  The su tu re s  should n o t be t i e d  too  t i g h t ly .  P re fe ra b ly  on ly  
a  few s ta y  su tu re s  should be a p p lie d  and th e  r e s t  o f th e  s u tu re  l i n e  approx- 
' im ated by S t e r i s t r i p s .
I t  has been w e ll reco g n ised  fo r  many y ears  th a t  th e  sk in  over th e  p o s te r io r  
a sp e c t o f  le g  h as a  b e t t e r  blood supply  than  th a t  over a n te r io r  o r a n te ro ­
l a t e r a l  a s p e c t .  F u lfo rd  (19^7) Uy doing sk in  dye s tu d ie s  has b rough t ou t 
th a t  th e re  i s  evidence o f  d e f ic ie n t  blood supply  in  th e  re g io n  o f  T ib ia l  
tu b e rc le , r e s u l t in g  in  n e c ro s is  o f  th e  a n te r io r  f la p .  In  th e  l i g h t  o f  th e  
above knowledge, cu rre n t p r a c t ic e  i s  to  fa sh io n  a  lo n g  p o s te r io r  f la p  
c o n ta in in g  m uscles w hile  perform ing a  below-knee am putation .
b . FASCIA
The f a s c ia  should  be kep t a tta c h e d  in  i t s  whole le n g th . I f  p a r t  o f i t  g e ts  
s e p a ra te d  from un d erly in g  m uscles, i t  should  be excised , a s  o therw ise  i t  
becomes f i b r o t i c  and a c ts  a s  b a r r i e r  f o r  th e  blood v e s s e ls  f o r  th e  sk in .
c . MUSCLES
Follow ing below -knee am putation , th e  fu n c tio n  o f th e  knee j o i n t  i s  n o t 
a f fe c te d  as  most o f  th e  m uscles a c t in g  on i t  do n o t lo s e  t h e i r  a ttach m en t, 
except fo r  th e  gastrocnem ius m uscle. In  th e  conven tional below -knee 
am putation  p rocedu re , th e  gastrocnem ius m uscle a lo n g  w ith  o th e r  m uscle groups 
a c t in g  on th e  an k le  j o in t  and fo o t ,  hav in g  l o s t  t h e i r  d i s t a l  a tta ch m en ts , 
r e t r a c t  upwards and slow ly  become a tro p h ie d . S ince venous r e tu r n  i s  no 
lo n g er a id e d  by th e  m uscle pump, s t a s i s  and oedema may r e s u l t .
The s tre n g th  o f th e  stump i s  dependent upon i t s  m uscu latu re  and  i t s  le n g th -  
te n s io n  r e la t io n s h ip  under which they  norm ally  a c t  to  b e s t  advan tage . * In  a 
stump, stump s tre n g th  can be c re a te d  by m uscle s t a b i l i s a t i o n  p ro ced u res , in  
th e  form o f  myodesis o r  m yoplasty  o r  a  com bination o f b o th . M yodesis i s  n o t 
recommended in  an ischaem ic lim b; in s te a d  m yop lastic  p rocedure  i s  c a r r ie d  
o u t. The gastrocnem ius m uscle though no lo n g e r concerned w ith  i t s  m ajor r o le  
o f  c o -o rd in a to r  o f knee and an k le  movements, can be u t i l i s e d  by  doing a  myo­
p la s t i c  p rocedure to  p ro v id e  (1) a  sm all a d d it io n a l  m easure o f knee c o n tro l ,
(2) a  la rg e  firm  a re a  on th e  p o s te r io r  a sp e c t o f th e  stump w ith  th e  c a p a c ity  
to  t r a n s f e r  com fortab ly  th e  fo rc e  a c tio n s  produced by th e  so ck e t, ( 3) an 
a c t iv e  venous pump and (4 ) an in c re a se d  a re a  o f  c o n tac t w ith  th e  so ck e t w ith  
b e n e f i ts  in  p ro p r io c e p tio n , suspension  and l i k e  (Murdoch.1969)•
The gastrocnem ius m uscle by n a tu re  and le v e l  o f i t s  b lood supp ly  e n te r in g  a s  
i t  does a t  th e  le v e l  o f  T ib ia l  ep icondy les, deep to  th e  m edial b o rd e rs  o f  
th e  two heads o f  th e  m uscle, may su rv iv e  when o th e r m uscles d ie  due to  
gangrene o f  a r t e r io s c l e r o s i s .  I t  i s  due to  t h i s  f a c t  th a t  v e ry  lo n g  p o s te r io r  
f la p s  w ith  adequate  chances o f sk in  su rv iv a l and wound h e a lin g  can be fashicned. 
I t  i s  due to  th i s  f a c t  th a t  even in  th e  p resen ce  o f  fran k  gangrene o f  a n te r io r  
t i b i a l ,  p e ro n ea l and s o le a l  group o f m uscles, a  below am putation  can s t i l l  be 
perform ed a f t e r  e x c is in g  th e  dead m uscles, p rov ided  th e  gastrocnem ius r e t a in s  
i t s  v a s c u la r i ty  and sk in  b leed s  on c u t t in g .  (Murdoch -  1969* McCollough -  
1972). E xcision  o f m uscles shou ld  be c a r r ie d  out i f  l iq u e fa c t io n  has tak en  
p la c e , b u t i f  th e y  a re  only brownish o r  p a le , th ey  should  be l e f t  beh ind  to  
proceed  to  f i b r o s i s .
a. BONE
I t  i s  o f th e  utm ost im portance th a t  th e  cu t ends o f th e  bones should be f i l e d
c a r e f u l ly  to  remove a l l  sharp  edges to  avo id  p re s su re  zones. The a n te ro -
m edial an g le  o f th e  T ib ia  should alw ays be rounded o f f  and th e  F ib u la  cu t 4"
h ig h e r up. The f ib u la  should be cu t a t  th e  same le v e l  a s  th a t  o f th e  t i b i a
in  th e  o s te o - p e r io s te a l  tech n iq u e . In  c h ild re n , f ib u la r  growth in  a  below -
knee stump alw ays exceeds th a t  o f th e  t i b i a  producing  sharp  bony p ro je c tio n s
under th e  sk in  r e q u ir in g  re p e a te d  ex c is io n  t i l l  th e  bone growth cea se s . I t
i s  th e re fo re  recommended to  ex c ise  th e  f ib u la  h ig h e r than  u su a l. However
p rocedures t o 'a r r e s t  f ib u la r  ep iphyseal growth a re  n o t recommended.
/
In  v e ry  sh o r t stumps below th e  le v e l  o f th e  t i b i a l  tu b e rc le ,  th e  bone s e c tio n  
is  done through th e  can ce llo u s  bone, which has some w e ig h t~ b ea rin g p ro p e rtie s . 
•Sockets f o r  such sh o rt stumps i f  made p ro p e rly  could have some a id  b e a r in g  
p ro p e r t ie s .  The f ib u la  in  v e ry  sh o rt stumps due to  th e  p u l l  o f  B icepsfem oris 
tendon g e ts  abducted , le a d in g  to  p a in fu l f r i c t i o n  and subsequent development 
o f an a d v e n ti t io u s  b u rsa . T his bursa  due to  re p e a te d  f r i c t i o n  i s  l i a b l e  to  
ep isodes o f fre q u e n t b u r s i t i s .  F u r th e r , due to  movement a t  th e  su p e r io r  
t i b i o - f i b u l a r  j o i n t ,  and p in ch in g  of th e  l a t e r a l  p o p l i te a l  n e rv e , o f te n  
th e re  i s  sev ere  d is a b lin g  p a in  in  th e  stump. Due to  above d is a b l in g  fe a tu re s  
produced by a  f ib u la  in  a  ve ry  sh o rt stump, i t  i s  a d v isa b le  to  ex c ise  th e  
f ib u la  in  to to .  T his p rocedure  has th e  a d d i t io n a l  advantage o f  making 
a v a i la b le  th e  l a t e r a l  t i b i a l  f l a r e  to  accommodate some o f  th e  fo rc e s  o f  
w e ig h t-b ea rin g .
e. NERVES
The nerv es  should be g e n tly  p u lle d  down, ex c ised  c le a n ly  w ith  a  sharp  k n ife , 
then  allow ed to  r e t r a c t  w ith in  muscle m ass. Too much t r a c t io n  b e fo re  cubbing 
th e  nerves le ad s  to  t r a c t io n  n e u r i t i s .  V arious s u rg ic a l  tech n iq u es  f o r  th e  
trea tm en t o f  th e  cu t ends o f th e  n erves fo r  p rev en tio n  o f neuroma fo rm ation  
have been advocated . A lcohol in je c t io n ,  c a u te r is a t io n  o f  th e  c u t ends; 
su tu r in g  o f  sh ea th  over th e  cu t end o f th e  n e rv e , im p lan ta tio n  o f th e  c u t 
end w ith in  th e  m edullary  c a v ity  and Lenggehhager, s method o f th re e  progressive 
weaker com pressions a t  about 1cm from th e  cu t end o f  th e  n e rv e , a r e  some o f  
th e  techn iques which have been t r i e d  w ithou t su cc e ss fu l r e s u l t s .
f .  BLOOD VESSELS
The a r t e r i e s  and v e in s  should  be l ig a te d  s e p a ra te ly , to  p rev en t s l ip p in g  o f  
th e  l ig a tu r e  d u rin g  p o s t-o p e ra tiv e  phase and to  av o id  th e  rem ote chances fo r  
th e  development o f an a r te r io -v e n u s  sh u n t.
3. SURGICAL TECHNIQUES
There a r e  many techn iques o f  perform ing  th e  below-knee am pu ta tion . At 
p re s e n t th e  consensus o f op in ion  i s  in  favour of techn iques in  which myo­
p la s ty  o r m yodesis i s  perform ed. I t  i s  proposed to  d isc u ss  th e  th re e  
commonly used methods, w ith o u t going in to  th e  d e ta i le d  o p e ra tiv e  tech n iq u es .
A. long posterior flap amputation
The improved r e s u l t s  o f below -knee am putation su rgery  a r e  la r g e ly  a t t r i b u t ­
a b le  to  t h i s  more re c e n t tech n iq u e , e s p e c ia l ly  in  v a sc u la r  p a t i e n t s .  I t  i s  
now u n iv e r s a l ly  reco g n ised  th a t  in  th e  v a s t  m a jo rity  o f  ischaem ic cases 
am putation a t  th i s  le v e l  can be s u c c e s s fu lly  perform ed by t h i s  techn ique  
(Pederson 1 9 6 4 , Moore 1968 , Warren 1968 , Burgess 1969 * Condon 1970 , Robinson 
1976)0 This has been p o s s ib le  because o f th e  b e t t e r  u n d e rs tan d in g  o f th e  
v a sc u la r  p a t te r n  o f  the  sk in  and m uscles, a lre a d y  d iscu ssed  e a r l i e r  in  th e  
ch ap te r .
The techn ique  o f u s in g  a  long  p o s te r io r  f la p  was f i r s t  d e sc r ib e d  by K endrick 
(1956) and he o b ta in ed  63$  p rim ary  h e a lin g . Burgess (1969) u t i l i s e d  th i s  
techn ique  in  con ju n ctio n  w ith  immediate p r o s th e t ic  f i t t i n g  and o b ta in ed  
prim ary  wound h e a lin g  in  82$ c a se s . The success i s  due to  form ing a  sh o r t  
a n te r io r  f la p  th e reb y  e lim in a tin g  a n te r io r  t i b i a l  sk in  d e f ic ie n t  in  b lood 
supply , and form ing a lo n g  p o s te r io r  m y o -fasc ia l f la p  w ith  good v a s c u la r i ty .  
The long  p o s te r io r  f la p  c o n ta in in g  th e  gastrocnem ius m uscle a f t e r  so leu s  and 
p o s te r io r  t i b i a l  group o f  m uscles have been cu t a t  th e  le v e l  o f  th e  bone 
s e c tio n , i s  s l i g h t l y  b e v e lle d  d i s t a l l y  and sewn a n te r io r ly  to  th e  a n te ro ­
l a t e r a l  deep f a s c ia  and th e  t i b i a l  p erio steum . This m y o p lastic  p rocedure  
h e lp s  in  c re a tin g  adequate  stump s tre n g th , and p ro v ides s o f t  t i s s u e  coverage
t
o f  th e  bone ends, which a re  th e  p re s su re  s e n s i t iv e  a re a s .  The m yoplasty  o f  
th e  gastrocnem ius m uscle encourages venous and lym phatic  r e tu r n  7/hich in  
tu rn  p rev en ts  th e  development o f  th e  stump oedema. I t  f u r th e r  h e lp s  in  
augm enting th e  fo rce  o f  knee f le x io n  and p ro v id es  good m u scu la tu re  fo r  th e  
stump f o r  t r a n s f e r  o f  fo rc e  a c t io n s  produced by th e  p o s te r io r  w a ll o f  th e  
so ck e t. I t  i s  a  r e c o n s tru c tiv e  and p l a s t i c  p rocedu re , th e re fo re  th e  t i s s u e s  
should  be c a r e f u l ly  t r e a te d  acco rd in g  to  th e  p r in c ip le s  o f  i t s  management in  
p l a s t i c  su rg e ry . The s u rg ic a l  r e s u l t  o f  such an e x e rc ise  i s  th e  p ro d u c tio n  
o f  a  dynamic, senso ry  end organ -  "a f o o t - l ik e  organ" a t  below -knee le v e l .  
The c y l in d r ic a l  stump so produced i s  id e a l  fo r  f i t t i n g  o f  a  t o t a l  c o n ta c t 
socke t -  th e  so cke t be in g  th e  "shoe of th e  fo o t"  (Burgess 1969)*
B. THE 0STEQ-MYQPLA3TY AMPUTATION
The e s s e n t ia l  fe a tu re  o f th i s  techn ique  i s  th e  c re a tio n  o f an o steo -p erio stea l 
b r id g e  between th e  cu t ends o f th e  t i b i a  and f ib u la ,  which in  due course  g e ts  
converted  in to  a  bony b rid g e  capab le  o f  b e a r in g  some weight a t  i t s  end.
When th e  bones a r e  tra n s e c te d  in  below-knee am putation they  no lo n g e r transm it 
w eight in  th e  lo n g itu d in a l d ir e c t io n ,  le a d in g  to  some o s teo p o ro s is  due to  
d is tu rb a n c e s  in  m inera l m etabolism . F u r th e r  open-end m edu lla ry  c a v i t i e s  le ad  
to  a l t e r a t i o n  in  normal co n d itio n s  o f p re s su re  and c i r c u la t io n  w ith in  th e  
bone. However th e se  i l l  e f f e c t s  could be p rev en ted  i f  some w eight cou ld  be 
tra n s m itte d  a lo n g  th e  long  a x is  o f  th e  bones. The low er cu t ends o f th e  
bones a r e  s e n s i t iv e  to  p re s su re  and u n less  made in s e n s i t iv e  a r e  in cap ab le  o f 
lo a d  b e a r in g . C reation  o f  a  firm  bony b rid g e  between th e  cu t ends o f t i b i a  
and f ib u la  could ach iev e  th e  above g o a ls .
B ie r  (1893) i s  re p o rte d  to  be th e  f i r s t  surgeon who a ttem p ted  making th e  
d i s t a l  end o f  th e  stump le s s  s e n s i t iv e  and capab le  o f more w eight b e a r in g  by  
an o s te o p la s t ic  p rocedure in  which th e  c u t ends o f  th e  bones were covered 
w ith  a  f la p  o f  c o r t i c a l  bone a tta c h e d  by a  p e r io s te a l  h in g e . E r t l  (1949) 
developed a  tech n iq u e  in  which p l ia b le  o s te o - p e r io s te a l  f la p s  were made by  
making th re e  p e r io s te a l  f la p s  w ith  sm all f la k e s  o f c o r t i c a l  bone a t ta c h e d  to  
them, two from t i b i a  and one from f ib u la .  These th re e  f la p 3 a r e  fa sh io n ed  
in to  a  tu b e , b r id g in g  th e  d i s t a l  cu t ends o f  t i b i a  and f ib u la .  M ondry(l952) 
added th e  m yop lastic  p rocedure to  t h i s  o s te o - p e r io s te a l  tech n iq u e , w herein 
th e  a n te r io r  t i b i a l  and f ib u l a r  m uscle groups a re  su tu red  under m oderate 
te n s io n  to  th e  gastrocnem ius-so leus group over th e  o s te o - p e r io s te a l  b r id g e . 
The d e ta i le d  techn iques of th e  o p e ra tio n  have been w ell d e sc rib e d  by Loon 
(1962) and Murdoch (19^*9) •
T his procedure i s  in d ic a te d  in  a l l  cases  o th e r  than  in  ischaem ic d is e a s e , a s  
i t  i s  more e la b o ra te , r e q u ir in g  ex ten s iv e  d is s e c t io n  and i s  tim e consuming.
In  an ischaem ic lim b where th e  s t a t e  o f  c i r c u la t io n  a t  proposed s i t e  o f  
am putation i s  i t s e l f  a  m a tte r  o f guess, i t  i s  n o t w orth s u b je c tin g  i t  to  th e  
added r i s k s  w ith  th e  above tech n iq u e .
T his method has sev e ra l advan tages: ( i )  c re a tio n  o f an in s e n s i t iv e  bony 
b rid g e  a t  cu t ends o f th e  bones capab le  o f  p a r t i a l  end b ea rin g ;
( i i )  r e s to r a t io n  of normal in tram e d u lla ry  p re s su re ; ( i i i )  p re v e n tio n  o f 
abduction  and abnormal m o b ility  o f th e  f ib u la  e s p e c ia l ly  in  v e ry  s h o r t  
stumps and ( iv )  improved senso ry  feedback experienced  by th e  am putee.
C. THE CONVENTIONAL BELOW-KNEE AMPUTATION
There a r e  many methods d e sc rib ed  f o r  perform ing th i s  type  o f  am puta tion .
In  a l l  th e  p rocedures th e  m uscles a r e  cu t a t  th e  le v e l  o f bone s e c tio n  and 
allow ed  to  r e t r a c t .  As th e  fu n c tio n  o f knee j o in t  rem ains u n a ffe c te d  because 
th e  d i s t a l  a ttach m en ts  o f  th e  m uscles a c t in g  on i t  a r e  r e ta in e d ,  lo s s  o f on ly  
gastrocnem ius m uscle a c t io n  o f  th e  knee j o i n t  i s  n o t co n sid e red  o f much 
s ig n if ic a n c e . I t  was g e n e ra lly  considered  a  s a t i s f a c to r y  am puta tion , and i s  
s t i l l  perform ed by a la rg e  number o f surgeons n o t f a m il ie r  w ith  th e  modem 
concepts o f am putation su rg e ry .
I
Due to  th e  a tro p h y  o f th e  m uscles and lo s s  o f  v a sc u la r  bed, th e se  c o n ica l 
bony stumps have a  te n d a icy  to  develop te rm in a l stump oedema. In  th e  absence 
o f  m uscular co vering  a t  t h e i r  ends, th e  c u t ends o f th e  bone b e in g  subcutan­
eous a re  te n d e r on p re s su re  and thus in cap ab le  o f b e in g  f i t t e d  w ith  a  t o t a l  
c o n ta c t so ck e t. Such stumps can be f i t t e d  up on ly  w ith  p roxim al w eight­
b e a r in g  so ck e ts  in  which th e  stump hangs lo o s e ly . The w eight b e a r in g  and 
c o n s tr ic t io n  a t  proxim al end o f  th e  stump i f  p re s e n t may f u r th e r  ag g rav a te  
stump oedema.
BIOMECHANICS OF BELOW-KNEE PROSTHESES
The Socket of th e  Below-Knee p ro s th e s is  i s  one o f th e  most im p o rtan t 
components. I t  i s  not merely a simple female d u p lic a tio n  of th e  stump 
shape. I t s  contours a re  designed  to  p rov ide  com fort, s t a b i l i t y  and 
fu n c tio n a l connection between the  stump and th e  p ro s th e s is  by a p p lic a tio n  
of c e r ta in  biom echanical p r in c ip le s .
In  th e  p a s t ,  a p p lic a t io n  of th e se  p r in c ip le s  were based upon c l i n i c a l  
experience and t r i a l  and e r ro r .  However, in  more re c en t years  c o n t r i ­
b u tio n s  by re se a rc h  workers a t th e  U n iv e rs ity  of C a lifo rn ia  (R e d c lif fe  
& F o o rt, 1961), and o th e r in v e s t ig a to r s  (New York U n iv e rs ity , P o s tg rad u a te  
M edical School, 1975), a c le a r e r  u n d ers tan d in g  o f th ese  b iom echanical 
p r in c ip le s  have emerged.
The aim in  p ro v id in g  a p ro s th e s is  to  a below-knee amputee i s  to  make th e  
f u l l  and u n re s t r ic te d  use o f th e  amputeds knee j o in t .  T h e re fo re , i t  
im p lies  th a t  the weight bearing  and dynamic fo rc e s  a re  to  be tra n s m itte d  
to  the  stump a lone, below the. knee le v e l .
I t  is  proposed to  d iscu ss  th e  r e la te d  biom echanical p r in c ip le s  to  socket 
shape and alignm ent o f the  below-knee p ro s th e s is  w ith  sp e c ia l re fe re n c e  to  
P a te lla r-T en d o n -B earin g  p ro s th e s is .  The i l l u s t r a t i o n s  and th e  b io ­
m echanical p r in c ip le s  involved  a re  reproduced from th e  manuals -  
P ate lla -T endon-B earing  Below-Knee P ro s th e s is  by R e d c lif fe  and F o o rt (1961) 
and Lower Limb P r o s th e tic s  -  New York U n iv e rs ity , Post-G-raduate M edical 
School (1975 r e v is io n ) .
1. STUMP SOCKET PRESSURES
(a) P re ssu re  V ersus Comfort. The magnitude of p re ssu re  between 
th e  stump and sockets  i s  one of th e  m ajor de term inan ts  o f com fort in  
a p ro s th e s is .  To minimise d isco m fo rt, i t  i s  n ecessa ry  to  avoid  
ex cessiv e  p re ssu re  on th e  stump. I t  i s  w e ll known th a t  p re ssu re  
i s  d i r e c t ly  p ro p o r tio n a l to  th e  fo rc e  app lied  and th u s  to  reduce 
p re ssu re  i t  i s  e s s e n t ia l  to  in c re a se  th e  a re a  over which fo rc e  i s  
ap p lied . To achieve t h i s  aim i t  i s  n ecessa ry  to  in c re a se  th e  c o n tac t 
a rea  between the stump and the so ck e t. In  p ra c t ic e  however, i t  i s  
not so sim ple because t i s s u e s  of th e  below-knee stump a re  not uniform
p re ssu re  to le r a n t .  However, th e se  f a c to r s  can be accommodated by 
s u i ta b le  d esign  of th e  shape and con tours of th e  so ck e t.
(b) Socket Contours and Shape R elated  to  P ressu re  D is tr ib u t io n .
The b a s ic  p r in c ip le  in  p r o s th e t i c  f i t t i n g  i s  to  u t i l i s e  a s  much 
a re a  of th e  stump as  p o s s ib le  to  d i s t r ib u te  th e  fo rc e s  a p p lie d  by 
th e  socket to  th e  stump. Since th e  degree of firm ness and to le ra n c e  
to  p re ssu re  d i f f e r s  in  v a r io u s  a re a s  o f th e  stump, th e  socket contour 
has to  be. m odified  w ith  re s p e c t to  stump.
The o b je c tiv e  i s  to  d esign  a socket in  such a way th a t  i t  produces 
s e le c t iv e  lo ad in g  of th e  t i s s u e s ,  so th a t  more o f th e  Y;eight i s  
supported  by p re ssu re  to le r a n t  a re a s  and le s s  by th e  p re s su re  
s e n s i t iv e  a re a s .  This aim i s  achieved by c re a t in g  r e l i e f s  in  th e  
socket over th e  p re ssu re  s e n s i t iv e  a re a s  o f th e  stump and inward 
con tours over th e  p re ssu re  to le r a n t  a re a s .  The inward bu lges in  
th e  socket over th e  p re ssu re  to le r a n t  t i s s u e s  o f the  stump tra n sm it 
a  la rg e  p o r tio n  of th e  lo a d , whereas a llow ing  only a sm a lle r p a r t  of 
th e  load  to  be borne by th e  p re ssu re  s e n s i t iv e  a re a s ,  over which r e l i e f s  
have been in c o rp o ra te d .
By app ly ing  th e se  b iom echanical p r in c ip le s  to  th e  below-knee so ck e t, 
th a t  i s ,  in c o rp o ra tin g  r e l i e f s  and co n to u rs , the  stump w ith  v a ry in g  
degrees of firm ness and to le ra n c e s  to  p re s su re , can be com fortab ly  
accommodated.
(c )  E f fe c t of R e la tiv e  I n c l in ic a t io n  of Supporting  S u rfaces  
P re ssu re s  on th e  stump a re  g re a t ly  in flu en ced  by th e  r e l a t iv e  i n c l i ­
n a tio n  o f th e  su p p o rtin g  su rfa ce s  th a t  a re  in  c o n tac t w ith  th e  stump.
The more c lo se ly  th e  su p p o rtin g  su rface  approaches th e  v e r t i c a l ,  th e  
g re a te r  w i l l  be th e  c o u n te rfo rc e s  th a t  must be a p p lie d  to  su p p o rt a  
g iven  w eigh t. C onversely, th e  more th e  su p p o rtin g  su rface  approaches 
th e  h o r iz o n ta l ,  th e  le s s  w i l l  be th e  co u n te rfo rce  th a t  must be ap p lie d  
to  support a  given amount of w eigh t.
In  th e  case o f a  below-knee so ck e t, a  h o r iz o n ta l  su rfa ce  on which a 
m ajor p a r t  of th e  load  can be covered i s  no t r e a d i ly  a v a i la b le .  A lthough 
th e  end of th e  below-knee stump i s  h o r iz o n ta l ,  i t  cannot t o l e r a t e  heavy 
lo ad in g . The problem is overcome by f i t t i n g  the  stump in  s l ig h t  
i n i t i a l  f le x io n  and making an inward bulge in  th e  socket to  f i t  under 
th e  a re a  of p a t e l l a r  tendon, as  shown in  P ig . 1 . A lthough t h i s  a re a
i - ' f l  h
F I G U R E  1
(ft) J - o v c e i  0 /»1n<: A m p u tee- (b )  P ov<i<;s O n i h c  P«'cdhcri;i<»
F I G U R E  2
su p p o rtin g  a reas  of th e  socke t, and i s  thus ab le  t o  c a rry  a sub­
s t a n t i a l  amount of th e  t o t a l  lo a d , whereas th e  w alls  o f th e  socket 
c a rry  a co rrespond ing ly  low er percen tage  o f th e  lo ad .
A lthough th e  su p p o rtin g  a re a  o f th e  P a te l la  Tendon i s  l e s s  s te e p ly  
in c l in e d  than  o th e r su p p o rtin g  a re a s , i t  has a downward and back­
ward s lo p e , The stump supported  on th i s  a re a , tends to  s l id e  down­
wards and backwards. To p rev en t t h i s ,  an a n te r io r ly  d ire c te d  co u n te r­
fo rce  i s  re q u ire d , and i s  p rovided  by th e  p o s te r io r  w all o f th e  
p ro s th e s is .  T herefo re  th e  p o s te r io r  w all should be r e l a t i v e l y  h ig h , 
bu t not so high  th a t  i t  in te r f e r e s  w ith  s i t t i n g  com fort. The p o s te r ­
io r  w all should have an inward bu lg e , so th a t  th e  t i s s u e s  in  co n tac t 
a re  under some i n i t i a l  com pression, o therw ise  th e  stump would s l id e  
downwards and backwards u n t i l  th e  t i s s u e s  on the p o s te r io r  a sp ec t of 
th e  stump are  compressed s u f f ic ie n t ly  to  p ro v id e  a co u n te rfo rce  to  
a r r e s t  motion.
(d) Stump Socket Force A nalysis
As th e  p ro s th e s is  i s  meant to  support th e  body, i t  must be ab le  to  
prov ide both  v e r t i c a l  support and m e d io - la te ra l b a lance . F ig  2a 
i l l u s t r a t e s  th e  fo rce s  exerted  by the  socket on th e  amputee and F ig  
2b , th e  corresponding fo rc e s  on the  p ro s th e s is .  The V e r t ic a l  
Components o f p ressu re  a re  ap p lied  a g a in s t many su rface s  of th e  stump, 
b u t fo r  s im p lif ic a t io n  a re  re p re se n te d  as a s in g le  support p o in t S. 
Forces M and L re p re se n t fo rce  a c tio n s  in  medial and l a t e r a l  d ir e c t io n s  
re s p e c tiv e ly . i s  th e  fo rce  due to  th e  g r a v i ta t io n a l  p u l l  on th e  
p a t i e n t ’ s body. R i s  the  re a c tio n  fo rce  from th e  ground to  th e  
p ro s th e s is  and i s  in c lin e d  m ed ia lly  upwards r e s u l t in g  in  a l a t e r a l  
i n e r t i a  fo rce  I ,  equal to  th e  h o r iz o n ta l  component o f R.
Summation o f medial and l a t e r a l  fo rce s  must a c t in  th e  g e n e ra l
p o s i t io n  in d ic a te d  by M and L r e s p e c t iv e ly  in  o rd e r to  co u n terb a lan ce
the  to p p lin g  e f fe c t  of fo rce  V/ about th e  support p o in t. Keeping in
view, and in c lu d in g  the  i n e r t i a  e f f e c t  and which i s  not n e g l ig ib le ,
summing the moments about the  support p o in t g ives th e  r e la t io n s h ip  -  
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The l a t e r a l  s t a b i l i s in g  fo rce  L can be reduced by e i th e r  in c re a s in g  
th e  h o r iz o n ta l  i n e r t i a  fo rce  by moving the  fo o t l a t e r a l l y  so as to  
in c re a se  th e  medial in c l in a t io n  o f  th e  t o t a l  f lo o r  r e a c t io n  o r  by
a s  d i s c u s s e d  l a t e r  u n d e r  m e d i o - l a t e r a l  a l i g n m e n t .
The p ro s th e s is  i s  su b jec ted  to  fo rce s  ap p lied  by the  stump from 
above and th e  co u n terfo rces  ap p lied  by th e  ground from below. I f  
th e se  two fo rce s  a re  C o llin e a r  th e re  would be no tendency f o r  th e  
socket to  change i t s  an g u lar r e la t io n s h ip  w ith  re sp e c t to  th e  stump. 
However s in ce  th e  r e s u l ta n ts  o f th e  opposing fo rce s  a re  no t in  l i n e ,  
th e re  i s  a-tendency  fo r  the  socket to  change i t s  an g u la r r e l a t io n ­
sh ip . This tendency i s  r e s is te d  because o f  in tim a te  f i t  of the  
stump in  th e  so ck e t. With an in tim a te  f i t ,  the t i s s u e s  on th e  
o p p o site  asp ec ts  of th e  stump are  compressed as th e  an g u la r bhange 
begins to  ta k e  p la c e . The co u n te rfo rces  developed by th e  compres­
s io n  of t i s s u e s  e s ta b l is h  dynamic e q u ilib riu m  and a r r e s t  the  in c ip ie n t  
motion.
When th e  p ro s th e t ic  fo re - fo o t  of an amputee w earing PTB lim b approaches 
th e  ground, th e  downward and forw ard fo rce s  ap p lie d  by the  stump to  
th e  p ro s th e s is  cause th e  socket to  change i t s  an g u lar r e la t io n s h ip  
w ith  the stump in  th e  d i r e c t io n  as shown by th e  curved arrow in  F ig  3* 
However th i s  tendency i s  r e s is te d  by th e  c o u n te rfo rces  th a t  a re  
developed as th e  socket in c re a se s  i t s  p re ssu re  on th e  a n t e r io r - d i s t a l  
and p o s te r io r-p ro x im a l a sp ec ts  o f th e  stump. I f  th e  amputee i s  to  
c o n tro l th e  r a te  and amount of knee f le x io n  by a c tio n  of h is  knee 
ex ten so rs , th e  contours of th e  socket must accommodate th e  stump socke t 
p re s su re s  th a t  are b u i l t  up in  th ese  a re a s . T his in d ic a te s  th e  need 
f o r  a h igh  p o s te r io r  socket w all th a t  p re s se s  f irm ly  a g a in s t th e  
t i s s u e s  on th e  p o s te r io r  a sp ec t of th e  stump, and f o r  s u i ta b le  r e l i e f  
on th e  a n te r o - d is ta l  a sp ec t o f th e  stump.
At th e  end o f m id-stance phase, th e  th ig h  i s  in c l in e d  downwards and 
backwards w ith  re sp ec t to  th e  ground. The co u n te rfo rce  a p p lie d  to  
th e  p ro s th e t ic  fo o t by th e  ground, p rev en ts  forw ard in c l in a t io n  of 
th e  p ro s th e t ic  shank, and causes a change in  an g u lar r e la t io n s h ip  
between th e  socket and stump as shown in  F ig . A* As a consequence 
in c re a se d  p re ssu re s  on the  a n te ro -s u p e r!o r  and p o s te r o - d i s ta l  a sp e c ts  
o f th e  stump develop. The cu ff suspension  s tra p  of th e  p ro s th e s is  
however h e lp s  to  l im i t  th ese  p re s su re s  on th e  stump, s in c e  th e  
in c ip ie n t  r e la t iv e  motion in  the  d i r e c t io n  in d ic a te d  in  F ig . 4 i s  
r e s i s te d  by the  cou.nterforces developed as the  knee s t r a p  compresses 
th e  t i s s u e s  above th e  p a te l l a .
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re a c tio n  fo rce  produce change in  an g u lar r e la t io n s h ip  between the  
stump and th e  socket in  th e  d ire c t io n  in d ic a te d  by th e  curved arrow  
in  F ig . -As a consequence of t h i s ,  th e  t i s s u e s  on th e  p o s te ro -
proxim al and a n te r o - d is ta l  a sp ec ts  o f th e  stump a re  su b jec ted  to  
in c re ase d  p re s su re . Once ag a in , a  h igh  p o s te r io r  w all and r e l i e f  
over a n te r o - d is ta l  a sp ec t o f  th e  so c k e t.h e lp  in  p rev en tin g  excessive  
p re s su re s .
(e )  Stump Length R elated  to  P ressu re  on th e  Stump 
The le n g th  o f th e  stump has a marked b e a rin g  on th e  magnitude o f th e  
p re s su re s  th a t  a re  developed as a consequence o f change in  an g u la r 
r e la t io n s h ip  between the socket and stump.
F ig . 6 . d e p ic ts  the  r e s u l ta n ts  o f th e  fo rce s  ap p lied  to  th e  p ro s th e s is  
from above and by th e  ground from below. These opposing fo rc e s  which 
are  not c o l l in e a r ,  c o n s t i tu te  a fo rc e  couple th a t  tends to  ro ta te  
th e  p ro s th e s is  in  a  counterclockw ise d ir e c t io n .  Assuming th a t  the  
r o ta t io n  i s  ta k in g  p lace  around th e  ax is  desig n a ted  by "0" , th e  moment 
of fo rce s  generated  by the  fo rce s  rep re se n te d  by AB and CD i s  in d ic a te d  
by th e  F orm ula ;- = (AB.d^) + (CD.d^), M1 being  th e  moment o f  fo rce  
due to  AB and CD.
F ig . 7. re p re se n ts  th e  co u n te rfo rces  ap p lied  to  th e  p rox im al-m edial 
and d i s t a l - l a t e r a l  a sp ec ts  o f  th e  socket as th e  t is s u e s  in  th e  
corresponding  a reas  are  compressed because o f in c ip ie n t  m otion o f th e  
so ck e t. The in c ip ie n t  motion i s  a r r e s te d  when th e  r e s i s t i n g  c lock ­
w ise moment developed by th e  fo rc e s  re p re se n te d  by LL and MM i s  equal 
to  th e  counterclockw ise  moment developed by fo rc e s  AB and CD. The 
clockw ise moment due to  LL and MM i s  re p re se n te d  by the  Form ula:-  
M2 = (LL.dL) + (MM.dM), M2 being  th e  r e s u l ta n t  clockw ise moment.
At a given tim e, i f  no change in  an g u la r r e la t io n s h ip  between socket 
and stump i s  ta k in g  p la c e , th en  e i th e r  th e  r e s u l ta n t s  o f AB and CD 
are  c o l l in e a r  o r th a t  th e re  i s  dynamic e q u ilib riu m  between moments 
developed by fo rce s  rep resen ted  by AB, CD, LL and MM. In  th e  l a t e r  
case , th e  r e la t io n s h ip  i s  rep re sen ted  by th e  Form ula:-  
(AB.d1) + (CD.d2) -  (LL.dL) -  (MM.dM) + 0 .
F ig . 8 . i s  s im ila r  to  F ig . ~f, except th a t  th e  stump i s  s h o r te r ,  and 
thus th e  d is ta n ce  from the  ax is  o f ro ta t io n  to  the  l in e  o f a c tio n  of
F ig . 7- F or a co n d itio n  o f dynamic eq u ilib riu m  in  F ig . 8 , the  
combined value of LL and MM must in c re a se  p ro p o r tio n a te ly  to  
compensate f o r  decrease  in  le n g th  of th e  moment arms. For th i s  
reason  s h o r te r  stumps a re  su b jec ted  to  g r e a te r  p re ssu re s  than  would 
a lo n g e r one under the  same circum stances consequent to  change in  
an g u lar r e la t io n s h ip  of th e  socket in  re sp e c t of th e  stump.
2 . ALIGNMENT MID PRESSURE DISTRIBUTION
Alignment r e f e r s  to  the  r e la t iv e  p o s it io n  of th e  component p a r ts  of th e  
p ro s th e s is  w ith  re sp e c t to  each o th e r , p a r t i c u la r ly  the  socket and fo o t 
in  th e  case of below-knee p ro s th e se s . The magnitude and d is t r ib u t io n  
of th e  fo rce s  ap p lie d  to  the  stump by th e  socket i s  la rg e ly  dependent
upon th e  a lignm ent. By p ro p er alignm ent i t  i s  p o s s ib le  to  c o n tro l th e
fo rc e s  a c tin g  upon th e  stump, so th a t  r e l a t iv e ly  h ig h e r p re s su re s  could 
be ap p lied  where th ey  a re  b e s t accommodated and most e f f e c t iv e ,  whereas 
co rresp o n d in g ly  reduced p re ssu re s  to  th e  p re ssu re  s e n s i t iv e  a re a s .
(a ) M edio-L ateral Alignment
The placem ent o f the  p ro s th e t ic  fo o t in  r e la t io n  to  the socket d u r­
ing  alignm ent of th e  p ro s th e s is  has a s ig n if ic a n t  e f f e c t  on th e
p re ssu re s  ap p lied  to  th e  stump as w ell as on th e  g a i t  p a t te r n .
The medial d isplacem ent o f th e  fo o t ,  as shown in  F ig . 9, ten d s  to* 
make the  socket change i t s  r e la t io n s h ip  to  the  stump in  th e  d i r e c t ­
ion  shown by the  curved arrow. I t  r e s u l t s  in  in c re a se d  com pression 
of the  t i s s u e s  on th e  l a t e r a l  d i s t a l  and medial- proxim al a sp ec ts  o f 
th e  stump, w ith  r e l a t iv e ly  decreased  p re s su re  on th e  la te ra l -p ro x im a l  
and m e d ia l-d is ta l  a sp e c ts . This type of alignm ent where th e  p ro s ­
th e s i s  i s  a lig n ed  w ith  a narrow w alking base i s  th e  c o rre c t  p ro cedure . 
I t  h e lp s  in  d is t r ib u t in g  the  medial fo rce  a t  the  m edial f l a r e ,  the 
weight b earin g  a re a  and the  l a t e r a l  s t a b i l i s in g  fo rc e  over the  
l a t e r a l  d i s t a l  h a l f  o r th i r d  of th e  stump. At the  same tim e the  
l a t e r a l  proxim al p re ssu re  s e n s i t iv e  a re a  ( f ib u la r  head) i s  re l ie v e d  
of p re s su re . The medial d isp lacem ent in  F ig . 9 i s  shown in  
exaggerated  form to  i l l u s t r a t e  the  e f f e c t  on p re s su re  d i s t r ib u t io n .
In  a c tu a l p ra c t ic e  i t  i s  no t so g re a t.
F ig .10 shows exaggerated  l a t e r a l  d isp lacem ent of th e  fo o t .  Y/ith 
th i s  alignm ent the  socket ro ta te s  in  th e  d ire c t io n  shown by curved
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m e d ia l-d is ta l  a sp ec ts  o f  the  stump. This i s  not d e s ir a b le  as 
th e  la te ra l-p ro x im a l a re a  o f th e  stump i s  p re s su re  s e n s i t iv e .
F u r th e r  i t  r e s u l t s  in  a w ide-based g a i t  which i s  abnormal and 
unnecessary .
(h) A n te ro -P o s te r io r  Alignment
An optimum a n te r o -p o s te r io r  alignm ent of th e  socket w ith  re sp ec t 
to  the  fo o t i s  e s s e n t ia l .  D isplacem ent of th e  socket too  f a r  f o r ­
wards causes excessive  p re s su re s  over th e  a n te r o - d is ta l  p re ssu re  
s e n s i t iv e  a rea  and postero -p ro x im al a rea  during  h e e l s t r ik e  and end 
of push o ff  phase of the  walking cy c le . On the  c o n tra ry  i f ' t h e  
socket i s  p laced  too  f a r  back, th e  knee i s  fo rced  in to  hyperex tension  
ju s t  b e fo re  h e e l o f f  p o s it io n  i s  reached.
3 . SUSPENSION-METHODS AND STUMP SOCKET PRESSURES
The ro le  o f Cuff Suspension S trap  of a PTB p ro s th e s is  in  h e lp in g  to  l im i t  
p re s su re s  on the stump has a lread y  been d e a l t  w ith  under Stump Socket 
Force A nalysis (p a ra  6 ) .
Suspension mechanisms a re  designed  p r im a ri ly  to  hold  th e  p ro s th e s is  to  
th e  stump. In  sp e c ia l  circum stances l ik e  sh o rt stumps which a re  prone 
to  develop g re a te r  p re s su re s , th e  suspension could be u t i l i s e d  to  reduce 
stump socket p re s su re s . For sh o rt below-knee stumps the  two suspension  
v a r ia n ts  o f PTB p ro s th e s is  commonly employed a re  known as S upracondylar 
system and PTS system ( P a t e l l a r  Tendon Supracondylar). In  both  o f th e se  
v a r ia n ts  .high medial and l a t e r  w alls  encompassing Femoral Condyles i s  
employed. In  PTS system in  a d d itio n  to  h igh  m edial and l a t e r a l  w a lls , 
th e  a n te r io r  w all i s  a lso  h ig h . These high w alls  of th e  socket not only  
secure th e  p ro s th e s is  to  the  stump, bu t a lso  c o n s t i tu te  extended le v e r  arms. 
R efe rr in g  back to  F ig . 7, i t  can be seen th a t  upward ex ten s io n  of th e  w a lls  
o f the socket in c re a se s  the ' len g th  of th e  le v e r  arm extending upwards from 
th e  in s tan tan eo u s  cen tre  of ro ta t io n  "0 " . This in  tu rn  would r e s u l t  in  
reduced stump socket p re s su re s  when the  socket ten d s  to  change i t s  an g u la r 
r e la t io n s h ip  w ith  th e  stump. The p re s su re s  would reduce in  p ro p o r tio n  to  
the in c re a se  in  len g th  of th e  le v e r  arm extend ing  above p o in t " 0” .
Another form of suspension  mechanism in  u se , f o r  reducing  stump socket 
p re s su re , i s  when a Thigh D orset and s id e  s te e ls  a re  used. The Thigh 
C orset supports  some o f th e  superincum bent w eigh t, r e s u l t in g  in  re d u c tio n
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r e la t io n s h ip  w ith  the stump, th e  side b a rs  and th ig h  c o rse t p re ss  a g a in s t 
th e  th ig h . The th ig h  c o rse t th u s , by app ly ing  s t a b i l i s in g  co u n te rfo rces  
a t  a r e l a t iv e ly  g re a te r  d is ta n ce  from th e  ax is  around which r o ta t io n  tak es  
p la c e , s u b s ta n t ia l ly  reduces th e  fo rc e s  re q u ire d  to  e s ta b l is h  dynamic 
eq u ilib riu m  and an g u la r change.
However, th ig h  c o rse t and m echanical knee jo in t  of th e  suspension  mechanism 
have c e r ta in  biom echanical d isad v an tag es . The Thigh C orset due to  i t s  
c o n s tr ic t in g  e f f e c t  produces a trophy  of th e  th ig h  and oedema o f th e  stump.
I t  a lso  in te r f e r e s  w ith  heat d is s ip a t io n  during  hot w eather, and adds to  
th e  bulk  and weight, of the  p ro s th e s is .  '
When a Thigh C orset i s  used alignm ent o f  th e  ax is  of th e  m echanical knee 
jo in t  w ith  th e  anatom ical knee ax is  i s  an im portan t f a c to r  in  ach iev ing  
s a t i s f a c to r y  comfort and fu n c tio n . I f  two s e ts  of jo in ts  have congruent 
axes as shown in  F ig . 11, th e re  w il l  be no r e la t iv e  d isp lacem ent as motion 
ta k es  p lace  in  the  jo in t s .  However i f  th e  jo in t  axes a re  no t congruent 
as shov/n in  F ig . 12 r e l a t iv e  d isp lacem ent of the two s e ts  o f jo in t  a t ta c h ­
ments does occur.
The human knee jo in t  i s  not a simple hinge jo in t  w ith  a s in g le  ax is  of 
r o ta t io n ,  but a com bination o f g lid in g , r o l l in g  and some degree o f r o ta t io n  
movements. The cen tre  of ro ta t io n  of th e  knee a lso  v a r ie s  w ith each degree  
of f le x io n , and th e  exact course fo r  th e  c e n tre s  fo r  d i f f e r e n t  in d iv id u a ls  
cannot be determ ined degree by degree during  the movement o f the knee.
The p ro s th e t ic  below-knee jo in t  i s  o f  th e  hinge type w ith  s in g le  ax is  o f  
r o ta t io n .  I t  i s  th e re fo re  not p o s s ib le  to  m ain tain  exact congruency of 
th e  m echanical and anatom ical axes as th e  knee f le x io n  and ex ten s io n  o ccu rs . 
I t  th e re fo re  lead s  to  th e  problems re la te d  to  r e la t iv e  d isp lacem ent betv^een 
the  amputees limb and the  socket and th ig h  c o rs e t ,  namely, p is to n  a c tio n  
and f r i c t i o n  lead in g  to  c h a ffin g , i r r i t a t i o n  and p re s su re s  over th e  stump 
and th ig h .
In  o rd er to  minimise th e  problems mentioned above i t  i s  n ecessa ry  to  lo c a te  
an optim al m echanical knee jo in t  c en tre  in  r e la t io n  to  th e  anatom ical knee 
c e n tre , which would o f f e r  b e s t fu n c tio n  and e lim in a te  d iscom fort r e s u l t in g  
from t h i s  r e la t iv e  motion. I t  has been e s ta b lish e d  th a t  i t  i s  ach ieved  by 
p la c in g  th e  m echanical ax is  s l ig h t ly  above th e  average anatom ical jo in t  
a x is . This arrangem ent p rovides s i t t i n g  comfort by drav/ing th e  stump 
s l i g h t ly  out of th e  so ck e t, and m inim ising p is to n  a c tio n  during  w alking.
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CHAPTER VI
BELOW KNEE SOCKETS
The below knee so ck e ts  a r e  c o n s tru c te d  e i th e r  by a  t r i a l  and e r ro r  f i t  
from tra c in g s  and measurement o f th e  stump a s  in  co n v en tional Belov/ Knee 
p ro s th e s is  o r from a c a s t  o r im pression  o f th e  stump a s  in  P a te lla r-T en d o n  
B earing  (P .T .B .) p ro s th e s is .  The p l a s t e r  of p a r is  c a s t  to  o b ta in  a  model o f 
th e  .stump fo r  c o n s tru c tio n  o f  a  below knee socket has been in  use from tim e 
to  tim e (Murphy 1954) j "but i t  was n o t u n t i l  1959 th a t  i t  became a  ro u tin e  
p rocedure  w ith  th e  in tro d u c tio n  o f PTB p ro s th e s is  by R e d c lif fe  and F o o rt.
1 . CONVENTIONAL-BELOW-KNEE SOCKET '
The conven tional Below knee socket i s  so designed th a t  i t  u t i l i s e s  only  
th e  proxim al w eight b e a r in g  a re a s  o f  th e  stump f o r  tra n sm iss io n  o f  w eight 
b e a rin g  and s t a b i l i t y  lo a d s . I t  th e re fo re  becomes e s s e n t ia l  to  p rov ide  
a d d i t io n a l  w eight b e a rin g  and s t a b i l i t y  a t  some o th e r s i t e .  These a r e  
p rov ided  by th e  th ig h  o r i s c h i a l  tu b e ro s i ty  th ro u g h ''th e  s id e  s t e e l s  and 
th ig h  c o rs e t .
The so ck e t may be c o n s tru c te d  as  an in te g r a l  p a r t  o f th e  shank a s  in  
wooden lim b o r a s  a  s e p a ra te  so ck e t con tained  w ith in  th e  shank. The 
m a te r ia ls  g e n e ra lly  used f o r  th e  c o n s tru c tio n  o f  th e  socke t a r e  wood, le a th e r  
and v a rio u s  p l a s t i c s .
In  many p a r ts  o f th e  w orld th e  woodai so cke t i s  most p o p u la r . The 
so cke t i s  carved using  measurements o f stump, and u su a lly  a  s e t  o f  g en era l 
shape p a t te rn s  w ith  measurements n o ted  on th e  t r a c in g  o r  w ith  a  p l a s t e r  c a s t  
f o r  v is u a l  in sp e c tio n . S uccessive  t r i a l  f i t t i n g s  and n e ce ssa ry  ad ju stm en ts  
by carv in g  and sanding  a re  e s s e n t ia l  du rin g  f i t t i n g  and e a r ly  use o f th e  
p ro s th e s is .  The su c c e ss fu l outcome th e re fo re  i s  dependent on th e  s k i l l  and 
a r t i s t i c  a b i l i t y  o f  th e  f i t t e r .  In  England th e  le a th e r  so ck e t i s  most o f te n  
used in  th i s  type  o f lim b.
The disadvantages o f th e  conven tional below knee socket a r e  in  i t s  
u t i l i s a t i o n  o f  only  th e  proxim al w eight b e a r in g  a re a s  o f th e  stump, th e  
lo o se  f i t  over th e  r e s t  o f  i t  and unsupported  te rm in a l t i s s u e s .  S ince  i t  i s  
n o t a  t o t a l  co n tac t so ck e t; i t s  proxim al r in g  f i t  and th e  c o n s t r i c t in g  e f f e c t  
o f th e  th ig h  c o rs e t  may produce te rm in a l oedema o f th e  stump. The b io ­
m echanical d isadvan tages due to  in c o rp o ra tio n  o f th e  s in g le  a x is  m echanical 
knee j o in t  has a lre a d y  been d e a l t  w ith  in  th e  p rev ious c h a p te r . I t  i s  due to  
i t  th a t  f r i c t i o n  and p is to n  a c tio n  cannot be avoided  which in  tu rn  r e s u l t s  in
e x c o r ia tio n  o f th e  sk in  and p a in fu l a d v e n ti t io u s  bursae over th e  stump.
These shortcom ings have been reco g n ised  by th e  c l in ic ia n s  and th e  
p r o s th e t i s t  f o r  many y e a rs , and in  o rd er to  overcome them th e  concept o f 
t o t a l  c o n ta c t w ith  v a ry in g  degrees o f  p re s su re  and weight b e a r in g  over th e  
e n t i r e  stump su rfa c e , and e lim in a tio n  o f th e  m echanical knee j o in t  and th ig h  
c o rs e t  was o r ig in a te d .
2. PATELLAR TEMPON BEARING (PTB) SOCKET
T his so ck e t was developed a t  th e  U n iv e rs ity  o f  C a lifo rn ia  by R e d c lif fe  
& F oort in  1959* This socket tra n sm its  a l l  ta e  w eight b e a r in g  and s t a b i l i t y  
lo ad s  below th e  knee j o i n t .  I t  i s  so designed  th a t  i t  produces s e le c t iv e  
lo ad in g  o f  th e  t i s s u e s ,  so th a t  more o f  th e  w eight i s  supported  by p re s su re  
to le r a n t  a re a s  and le s s  by p re s su re  s e n s i t iv e  a re a s .  The v e r t i c a l  support 
lo a d  i s  borne la r g e ly  by th e  p a t e l l a r  tendon, a  tough a re a  w e ll su ite d , to  
th e  fu n c tio n . Both t i b i a l  condyles and to  some ex ten t s o f t  t i s s u e s  o f th e  
stump share  th e  w eigh t. The socket design  aims a t  a ch iev in g  t o t a l  c o n tac t 
w ith  th e  stump.
S ince th e  so cket i s  a b le  to  tra n sm it a l l  th e  weight and s t a b i l i t y  lo ad s  
to  tlie  stump below th e  knee j o i n t ,  i t  has been p o s s ib le  to  d isp en se  w ith  th e  
cumbersome th ig h  c o rs e t  and m echanical knee j o i n t .  In s te a d  a  c u ff  suspension  
in  th e  form o f a  s tra p  which e n c irc le s  th e  th ig h  j u s t  above th e  p a te l l a  i s  
used.
This type o f  so cket i s  made from a c a s t  o r im pression  o f th e  stump. The 
wrap c a s t  o f  th e  stump i s  o b ta in ed  by w ra p p in g 'p la s te r  bandage over a  c o tto n  
sock. As th e  p la s t e r  beg ins to  s e t ,  i t  i s  moulded over th e  p a t e l l a r  tendon 
w ith  counter p re s su re  in  th e  p o p l i te a l  fo ssa  to  g ive  th e  p a t e l l a r  tendon 
b e a r in g  c h a r a c te r i s t ic s  to  th e  c a s t .  The n e g a tiv e  c a s t  in c o rp o ra te s  on ly  
some of th e  fe a tu re s  n ecessa ry  f o r  tra n sm iss io n  o f dynamic fo rc e  a c t io n s .  
F u r th e r m o d if ica tio n  i s  n ecessa ry  and th i s  i s  accom plished by u sin g  th e  
n e g a tiv e  c a s t  a s  a  mould to  produce a p o s i t iv e  model o f th e  so ck e t. The 
p o s i t iv e  mould is . then  r e c t i f i e d  by removing p l a s t e r  from a re a s  th a t  can 
to le r a te  w eight b ea rin g , and by add ing  p la s t e r  to  r e l i e v e  p re s su re  in  
p re s su re  s e n s i t iv e  a re a s . The r e c t i f i e d  p o s i t iv e  mould re p re s e n ts  th e  
in s id e  shape o f th e  so ck e t.
The p l a t i c  socket i s  then  lam ina ted  over th i s  r e c t i f i e d  p o s i t iv e  mould. 
The socket so produced should  be a t o t a l  c o n tac t socket w ith  v a r ia b le  degrees 
o f p re ssu re  and w eight b e a rin g  over th e  e n t i r e  stump su rfa c e .
The f i t  o f t h i s  so cke t i s  la r g e ly  dependent upon th e  knowledge and s k i l l  
o f th e  p r o s th e t i s t  in  c o rre c t  e v a lu a tio n  o f th e  c h a r a c te r i s t i c s  o f each 
in d iv id u a l stump and th e  a p p lic a t io n  o f th e  g u id ing  p r in c ip le s  in  ta k in g  
th e  n e g a tiv e  c a s t  and subsequent r e c t i f i c a t i o n  o f th e  p o s i t iv e  mould. The 
p rocedure  i s  by no means a  d i f f i c u l t  one, bu t s in c e  c a s tin g  by hand re q u ire s  
a  h ig h  degree o f s k i l l  c o n sid e rab le  amount o f e r ro rs  a r e  encountered  in  th e  
ro u t in e  day to  day p r a c t ic e .  The usual drawbacks o f th e  hand c a s t in g  
p rocedure  r e s u l t in g  in  f a i l u r e  o f su c c e ss fu l c o n s tru c tio n  o f th e  below knee 
so cke t a re  a s  fo llo w s.
W hile wrapping th e  p l a s t e r  o f  p a r i s  bandages m anually  around th e  stump 
i t  i s  v e ry  d i f f i c u l t  to  apply. i t  w ith  a  uniform  p re s su re  a l l  around . Each 
tu rn  o f th e  p la s t e r  bandage a p p lie d  c irc u m fe re n tia l ly  i s  l i k e ly  to  have a 
d i f f e r e n t  te n s io n . The te n s io n  in  th e  bandage r e s u l t s  in  h ig h e r  p ressu res , 
over th e  a re a s  o f  sm all ra d iu s  o f cu rv a tu re  such a s  bony prom inences, and 
minimal o r no p re s su re  over f l a t  o r r e - e n te r a n t  a re a s  o f th e  stump. F u r th e r  
d u rin g  th e  procedure i f  th e re  i s  excessiv e  te n s io n  in  th e  p l a s t e r  bandage on 
one s id e , i t  may d isp la c e  th e  s o f t  t i s s u e s  o f  th e  stump from t h e i r  normal 
anatom ical p o s i t io n ,  thus a l t e r i n g  th e  shape o f  th e  f i n a l  so ck e t in  r e l a t io n  
to  th e  norm al shape o f th e  stump.
D uring rubb ing  o f th e  p la s t e r  around th e  stump, to  mould i t  and d e fin e  
th e  bony a re a s , i f  one i s  n o t v e ry  c a re fu l  th e  im portan t m arkings on th e  
stump sock may g e t d isp la c e d  due to  s l id in g  o f th e  sock o f f  th e  stump. I t  
would r e s u l t  in  tu rn , in  r e c t i f i c a t i o n s  o f  th e  p o s i t iv e  mould a t  th e  wrong 
p la c e s .
The deform ation o f th e  c a s t  done by hand to  g ive th e  c a s t  p a t e l l a r  
tendon b e a r in g  c h a r a c te r i s t i c s  r e s u l t s  in  in c re a se  in  th e  m e d io - la te ra l  and 
decrease  in  th e  a n te r o -p o s te r io r  d iam eters  a t  i t s  upper end. T his in  tu rn  
le a d s  to  d i s to r t io n  o f .th e  con tours o f  th e  c a s t  in  th e  re g io n  o f th e  m edial 
t i b i a l  f l a r e ,  an im portan t w eight b e a r in g  a re a  o f th e  stump. The amount o f 
in c re a se  in  th e  m e d io - la te ra l  dim ension and consequent lo s s  o f  c o n ta c t 
p re s su re  in  th e  reg io n  o f th e  m edial t i b i a l  f l a r e  'would thus be dependent 
upon th e  fo rc e  ex erted  by th e  p r o s th e t i s t s  hands. T he 'cav ing  in  o f th e  
p la s t e r  a lo n g  a -|-M s t r i p  011 each s id e  o f  th e  t i b i a  to  d e f in e  th e  a n te r io r  
c r e s t  i s  a ls o  su b je c t to  th e  same o b je c tio n s  a s  above.
R e c t i f ic a t io n s  o f  th e  p o s i t iv e  mould re q u ire s  a good d ea l o f s k i l l  and 
knowledge of th e  a p p lic a t io n  o f th e  biom echanical p r in c ip le s  011 th e  p a r t  o f  
th e  p r o s th e t i s t .  The amount o f  p la s t e r  to  be removed from th e  p re s su re
to le r a n t  a re a s  v a r ie s  w ith  in d iv id u a l p a t ie n t s ,  depending upon m uscle to n e ,' 
degree o f w astin g  o f  th e  m uscles, and co n d itio n  o f  th e  sk in  and subcutaneous 
t i s s u e s .  I t  i s  th e re fo re  d e s ir a b le  th a t  th e  p r o s th e t i s t  c a r r ie s  out th e se  
r e c t i f i c a t i o n s  im m ed ia te ly , w h ile  th e  d e ta i le d  fe a tu re s  o f  th e  stump 
c h a r a c te r i s t i c s  a r e  s t i l l  f r e s h  in  h is  mind, r a th e r  than  postp o n in g  i t  f o r  
l a t e r  r e c t i f i c a t i o n s ,  to  p re v e n t improper in te r p r e ta t io n  o f th e  in d iv id u a l 
stump c h a r a c te r i s t i c s .  In  p r a c t ic e  however i t  i s  seen th a t  th e  p r o s th e t i s t  
who in  a d d it io n  to  ta k in g  a  number o f c a s ts  in  a  day has a ls o  to  a t te n d  to  
th e  p a t ie n ts  to  f i t  th e  lim bs, doesn’t  f in d  tim e to  do immediate r e c t i f i c ­
a t io n s .  In  .England and Wales o f te n  th e  p r o s th e t i s t  h im se lf  doesn ’t  c a r ry  
out th e  n e ce ssa ry  r e c t i f i c a t i o n s .  In s te a d  th i s  work lias been d e leg a te d  to  
th e  s t a f f  in  th e  p la s t e r  shop th a t  may be f a r  remote from th e  Limb C entre. 
The s t a f f  in  th e  p la s t e r  shop, who have n o t seen th e  p a t ie n t s  stump, c a r ry  
out th e  r e c t i f i c a t i o n s  acco rd in g  to  s tan d a rd  procedure  and so ta k es  l i t t l e  
account o f th e  needs o f  th e  in d iv id u a l p a t ie n t .  I t  i s  obvious th a t  th e  
outcome fo llo w in g  th i s  regim e o f  a r b i ta r y  r e c t i f i c a t i o n s  i s  dubious. Both 
under and over r e c t i f i c a t i o n s  would u l t im a te ly  le a d  to  an i l l  f i t t i n g  socket
Due to  th e  above drawbacks, u n s a t i s f a c to ry  sock e ts  a r e  produced, and 
th i s  has le d  to  a  search  f o r  a  method o f stump c a s t in g  which g iv es  b e t t e r  
r e s u l t s  and removes th e  human f a c to r .
3 . SOME OTHER METHODS;OF CASTING FOR PTB SOCKETS
Because o f problems encountered in  su c c e ss fu l f i t t i n g  o f th e  so cke t by 
the  c a s t in g  techn ique  o f R e d c lif fe  and F o o rt, many 'workers have a ttem p ted  
to  improve upon th e  e x is t in g  c a s tin g  tech n iq u e . The v a rio u s  tech n iq u es  
d e sc rib e d  below however have n o t b.een w ide ly  accep ted , and on ly  rem ain in  
use a t  th e  C entres where o r ig in a l ly  in v en ted .
(a) Suspension C asting  T his system  was developed by Hampton in  1$66 
a t  The N orthw estern  U n iv e rs ity  to  pe rm it c a s tin g  o f  th e  below knee stump in  
an a t t i t u d e  s im u la tin g  s tan ce  phase w eight b e a r in g  in  a  p r o s th e s is .  T his 
has been a ttem p ted  by th e  a p p lic a t io n  o f th e  Chinese f in g e r  t r a p  p r in c ip le ,  
namely, when a  c lo th  c y lin d e r  o f  a  s u i ta b le  weave i s ,  s t r e tc h e d  lo n g i tu d i­
n a l ly ,  th e  c ircum ference o f  th e  c y lin d e r  i s  d ecreased .
In  th i s  system a c a s t in g  sock o f  a  s u i ta b le  weave i s  suspended from th e  
m eta l r in g  a tta c h e d  to  th e  c a s t in g  s tan d . The amputee s tan d s  w ith  h i s  stump 
w ith in  th e  suspended c a s t in g  sock w ith  h i s  w eight e v e n ly -d is t r ib u te d  between 
th e  two lim bs. When th e  w eight i s  borne, th e  c a s tin g  sock s t r e tc h e s  and h e lp s
in  c o n ta in in g  th e  t i s s u e s  f irm ly  and em phasising th e  bony prom inences. Pads 
o f a p p ro p r ia te  th ick n ess  a re  th en  a p p lie d  over th o se  a re a s  o f  th e  stump 
which re q u ire s  r e l i e f  o f p re s su re  from th e  so ck e t. The stump i s  then  wrapped 
a s  p e r  the  techn ique  o f  c a s t in g  by R e d c lif fe  & F o o rt. The r e s u l ta n t  p o s i t iv e  
mould needs r e c t i f i c a t i o n s  in  a l l  o th e r a re a s  except f o r  p re s su re  s e n s i t iv e  
a re a s .
In  o rd e r to  f u r th e r  reduce th e  amount o f  p o s i t iv e  mould r e c t i f i c a t i o n s ,  
a ttem p ts  have been made to  c re a te  p a t e l l a r  tendon and p o p l i t e a l  im pressions 
in  th e  n e g a tiv e  c a s t  i t s e l f .  T his has been t r i e d  by making use  o f  a clamp 
in  one m o d if ic a tio n , whereas use o f pads has been made in  a n o th e r V a r ia tio n ,
The c a s t in g  techn ique  has th e  advantage th a t  i t  r e s u l t s  in  p ro d u c tio n  
o f  a  p o s i t iv e  mould which needs fewer r e c t i f i c a t i o n s ,  bu t has c e r ta in  draw­
backs. Because o f  th e  te n s io n  in  th e  suspended c a s t in g  sock th e  t i s s u e s  a t  
d i s t a l  end o f th e  stump may g e t d is to r te d ,  and be su b jec ted  to  ex cessiv e  end 
p re s su re s . The end o f th e  stump can w ith s tan d  on ly  p a r t i a l  w eight b e a r in g , 
b u t i f  th e  p re s su re s  g enera ted  becomes ex cessiv e , i t  may become in to le r a b le .
(b) Hydros t a t i c  P re ssu re  C as tin g . Murdoch a t  Dundee in  1964-Has described 
a  techn ique  in  which he has employed h y d ro s ta t ic  p re s su re  to  c a s t  a  below 
knee stump, in  w eight b e a rin g  s i tu a t io n .  He has t r i e d  to  e lim in a te  th e  i l l  
e f f e c ts  o f th e  c irc u m fe re n tia l hand wrap c a s t in g  tech n iq u e , by using  p l a s t e r  
o f  p a r is  im pregnated c a s t in g  socks and h y d ro s ta t ic  p re s su re . Use o f  hydro­
s t a t i c  p re s su re  was aimed to  c o n tro l p re s su re s  and t ig h tn e s s  o f th e  c a s t  
around th e  stump. .
The equipment employed by him fo r  t h i s  techn ique  c o n s is ts  o f a  tan k  w ith  
w ater i n l e t  and o u t l e t .  The top  o f th e  tan k  i s  c lo sed  w ith  a lo o se  diaphragm 
o f th in  nylon sh e e t. The w ater i s  run  in to  th e  tan k  and th e  p a t ie n t  s tan d s  
w ith  th e  stump in v a g in a tin g  th e  nylon  sh e e t in to  th e  w a te r . Water i s  added 
a s  re q u ire d  u n t i l  th e  p a t ie n t  i s  evenly b a lanced  w ith  th e  am putated s id e  
immersed in  th e  tan k  to  a  p o in t  3M above th e  knee le v e l .
The stump i s  withdrawn and a dry  ny lon  sock i s  p u lle d  over i t ,  fo llow ed  
by th re e  more socks im pregnated w ith  p l a s t e r  o f  p a r i s  powder and w a te r . The 
p a t ie n t  once a ^ i n  in s e r t s  th e  stump w ith  p l a s t e r  socks in  p o s i t io n  and h is  
w eight evenly b a lan ced , u n t i l  th e  p l a s t e r  has hardened. The h y d ro s ta t ic  
p re s su re  employed f o r  c a s t in g  i s  around 2 p . s . i .
The stump d u rin g  th e  whole p rocedure rem ains sep a ra te d  from w ater by  a  
th in  nylon membrane, and th e  c a s t  i s  moulded by th e  re a c t io n  o f  w a ter in  a
c lo sed  system to  th e  body w eight p a ss in g  through th e  .stump#
The c a s t  o b ta in ed  by t h i s  method i s  then  used a s  a check socket a f t e r  an 
a d ju s ta b le  p a t e l l a r  tendon b a r has been added to  i t .  A f te r  s a t i s f a c to r y  
t r i a l ,  a  p o s i t iv e  p la s t e r  mould i s  made out o f th e  p la s t e r  check socket 
(n eg a tiv e  c a s t)  • The on ly  m o d if ica tio n  over th e  p o s i t iv e  mould recommended 
by Murdoch i s  over th e  a n te r o - d i s ta l  p a r t  f o r  r e l i e f  o f th e  a n te r o - d i s ta l  end 
o f  th e  t i b i a .  A p l a s t i c  socket i s  then  lam ina ted  over i t .
Though th e  system lias th e  advantage th a t  th e  i l l  e f f e c t s  o f  c ircum feren­
t i a l  wrapping and hand moulding o f th e  p l a s t e r  c a s t  have been e lim in a ted  in  
i t ,  i t  has  c e r ta in  d isad v an tag es . >
The system s u f fe r s  from th e  i l l  e f f e c ts  o f  a  c lo sed  p re s su re  system in  
which th e  p re s su re s  a r e  tra n s m itte d  over th e  stump v ia  a  membrane, which in  
tu rn  m o d ifies  th e  in tended  p re s su re s  to  be a p p lie d  over th e  stump.
When a  stump i s  in tro d u ced  in to  th e  in v ag in a ted  membrane, which sep a ra te s  
th e  stump from th e  w ater p re s su re  chamber, th e  membrane i s  s t r e tc h e d  on w eight 
-b e a r in g . S tre tc h in g  o f th e  membrane i s  a ls o  produced a s  a  r e s u l t  o f  b u lg in g  . 
up o f  th e  membrane a t  i t s  f ix e d  upper end, when th e  w ater p re s su re  i s  r a i s e d .  
The s t r e tc h in g  of th e  membrane r e s u l t s  in  d is to r t io n  o f th e  te rm in a l t i s s u e s ,  
and development o f  p re s su re s  in  excess o f  w a te r p re s su re . The amount of 
p re s su re s  over th e  s tum p/cast in te r f a c e  a t  th e  tim e o f  c a s t in g  th e re fo re  
rem ains u n p re d ic ta b le . The e f f e c t  o f  depth o f  immersion on p re s su re s  over 
th e  stump h o w ever  may n o t be a  s ig n i f ic a n t  f a c to r ,  in  view o f th e  depth  to  
which th e  stump i s  immersed, b u t i t  w i l l  s t i l l  be p re sen t to  some e x te n t .
Though th e  c a s t  has formed under p re s su re , in  th e  absence o f  p o p l i te a l  
d ep ress io n  in  th e  socket made by t h i s  method, th e  p o s te r io r  so cke t w a ll may 
n o t p ro v id e  adequate  a n te r io r ly  d ire c te d  co u n ter fo rc e  to  su p p o rt th e  stump 
on th e  p a t e l l a r  tendon b a r .  T his in  tu rn  would le a d  to  s l id in g  downwards and  
backwards o f  th e  stump, su b je c tin g  i t  to  ex cessiv e  end p re s su re s  on h a rd  
c o n tac t w ith  th e  bottom o f th e  so ck e t. The absence o f  ad equate  r e l i e f  fo r  
p re s su re  s e n s i t iv e  a re a s  o th e r  than  a n te r o - d i s ta l  t i b i a  i s  a ls o  n o t a  
s a t i s f a c to r y  fe a tu re  in  a  so ck e t.
c) Pneum atic C astin g . Gardner in  1965 d esc rib ed  t h i s  tech n iq u e  fo r  
c a s t in g  below knee stumps. In  o rd e r to  overcome th e  drawbacks o f  hand wrap 
c a s tin g , use o f  a i r  p re s su re  h as  been made to  c a s t  a  stump in  t h i s  te ch n iq u e .
In  th i s  techn ique  a f t e r  th e  stump sock has been p u lle d  over th e  stump, 
th e  d i s t a l  end o f  th e  stump i s  f i r s t  m anually  wrapped w ith  p l a s t e r  o f  p a r i s
and a llow ed to  s e t  b e fo re  o th e r  a re a s  o f  th e  stump a re  wrapped w ith  p l a s t e r .  
A f te r  t h i s  p l a s t e r  has s e t ,  th e  p la s t e r  o f p a r is  bandages a r e  wrapped around 
th e  stump in c o rp o ra tin g  two la te x  forms in  th e  p a t e l l a r  tendon and p o p l i te a l  
re g io n  to  c re a te  p a t e l l a r  tendon and p o p l i te a l  im pression  in  th e  n e g a tiv e  
c a s t  i t s e l f .
The stump i s  then  su b jec te d  to  a i r  p re s su re  by employing a  double w alled  
open end pneum atic p re s su re  s le e v e . The p re s su re  s leev e  i s  p u lle d  over th e  
stump and in f l a t e d  to  p ro v id e  p re s su re s  o f about 2 p . s . i .  When th e  s le e v e  i s  
in f l a te d  i t s  in n e r w a ll e x e r ts  p re s su re  over th e  stump to  s e t  th e  c a s t  under 
p re s su re . A f te r  th e  c a s t  h as s e t ,  a  p o s i t iv e  mould i s  o b ta in ed  from i t  end 
r e c t i f i e d  over th e  a n te r o - d i s ta l  t i b i a  a lo n e , b e fo re  a  so cket i s  f a b r ic a te d  
over i t .
The d isad v an tag es  o f th e  system a re  th a t  th e  in n e r membrane o f th e  
p re s su re  s lee v e  i s  a tta c h e d  a t  both  th e  upper and low er ends, and th u s  does 
n o t p ro v id e  p re s su re s  over th e  e n t i r e  su rfa c e  o f th e  te rm in a l end o f th e  
stump when, in f l a te d .  I t  i s  because o f t h i s  th a t  in  th e  tech n iq u e  p re lim in a ry  
hand wrapijing o f  th e  d i s t a l  end o f th e  stump to  p rov ide  t ig h tn e s s  o f th e  c a s t  
becomes n e ce ssa ry . The stump thus re q u ire s  c a s t in g  in  s ta g e s . F u r th e r , th e  
in te rp o s in g  membrane o f th e  p re s su re  system may m odify th e  in ten d ed  p re s su re s  
meant f o r  c a s t in g  th e  stump.
The absence o f  adequate  r e l i e f  f o r  p re s su re  s e n s i t iv e  a re a s  o th e r  than  
a n te r o - d i s ta l  t i b i a  i s  an o th er o b je c tio n a b le  f e a tu re  o f th e  c a s t in g  system .
(d) Vacuum C astin g . . In  th i s  techn ique  use  o f su c tio n  has been employed 
to  ap p ly  a c a s t  over th e  stump. This techn ique  i s  advocated  by Kuhn o f 
U n iv e rs ity  o f M unster, Germany, and a ls o  employed by M aurer and F a ja l .
In  th i s  techn ique  a f t e r  th e  stump has been wrapped w ith  p l a s t e r  o f  p a r i s  
bandages, i t  i s  covered w ith  a  band o f lo o se  c lo th  o r wadding. A P.V. C. bag 
c lo sed  d i s t a l l y  over a  vacuum connection  i s  then  p u lle d  over th e  stump, and 
i t s  proxim al end se a le d  around th e  th ig h  above th e  p l a s t e r  bandage by a 
s t r in g .  A vacuum of approx im ate ly  0 .6  atm . i s  then  a p p lie d  cau sin g  th e  
P.V.C. bag to  c o lla p se  over th e  c a s t .  As th e  p la s t e r  i s  about to  s e t  
p re s su re s  a re  a p p lie d  by hand to  mould th e  c a s t  in  th e  p a t e l l a r  tendon and 
p o p l i te a l  a re a s  to  g ive  i t  th e  p a t e l l a r  tendon b e a r in g  c h a r a c t e r i s t i c s .  The 
p o s i t iv e  mould o b ta ined  i s  then  r e c t i f i e d  as  p e r s tan d a rd  p ro ced u re .
T his system  d o e sn 't  produce e n t i r e ly  s a t i s f a c to r y  r e s u l t s .  VIhen th e  
vacuum i s  a p p lie d , th e  P.V.C. bag m erely  c o lla p se s  over th e  c a s t  w ith o u t
e x e r tin g  any p o s i t iv e  p re s su re s . The c a s t  th e re fo re  doesn’t  s e t  under 
p re s su re  a g a in s t  th e  t i s s u e s .  F u rth e r  to  ap p ly  a vacuum th e  s e a l  around 
th e  th ig h  has to  be a p p lie d  under adequate  te n s io n , and i f  t i e d  t i g h t l y  
may produce a  to u rn iq u e t e f f e c t .  Furtherm ore th e  moulding o f  th e  c a s t  by 
hand and i t s  subsequent management has th e  same in h e re n t f a u l t s  a s  a  bandage 
wrap.
(e) P rem odified  C asting  f o r  PTB Socket. This i s  a  m od ified  v e rs io n  o f 
th e  s tan d a rd  hand wrap c a s tin g  p rocedu re . Z e t t l  and Traub (1971) p f  S e a t t le ,  
W ashinton have d e sc rib ed  t h i s  techn ique  fo r  c a s tin g  a below knee stump. The 
techn ique i s  aimed a t  m odifying th e  n e g a tiv e  c a s t  on th e  p a t i e n t ’ s stump 
i t s e l f ,  so th a t  th e  p o s i t iv e  mould doesn’t  re q u ire  any r e c t i f i c a t i o n s  a t  a l l .
In  t h i s  method v a rio u s  pads a re  a p p lie d  a t  th e  s t r a t e g i c  a re a s  o f  th e  
stump during  c a s tin g  p ro ced u re . The pads employed a re  in  th e  form o f  r e l i e f  
pads fo r  bony s e n s i t iv e  a re a s  and th e  h am strin g  tendons, and com pression pads 
f o r  th e  p re s su re  to le r a n t  a re a s .  These s u i ta b ly  shaped pads a r e  s t r a te g ic a l ly  
p laced  and wrapped in  v a rio u s  la y e r s  o f  th e  p la s t e r  wrap. When th e  c a s t  i s  
about to  s e t  th e  p a t e l l a r  tendon b a r and p o p l i te a l  im pressions a r e  c re a te d  in  
i t  by a  s p e c ia l ly  designed c a s t in g  f ix tu r e .  The p o s i t iv e  mould o b ta in ed  from 
such a c a s t  doesn’t  r e q u ire  any r e c t i f i c a t i o n s ,  a s  a l l  th e  n ecessa ry  fe a tu re s  
have been t r a n s f e r r e d  to  i t  from th e  n e g a tiv e  c a s t .
The tech n iq u e  e s s e n t ia l ly  i s  l i k e  s tan d a rd  c irc u m fe re n tia l  hand wrap 
c a s tin g , and th u s  i s  exposed to  th e  same in h e re n t drawbacks. Hie c o r re c t  
fa sh io n in g  o f th e  shape o f  th e  v a rio u s  pads in  r e la t io n  to  th e  anatom ical 
fe a tu re s  o f th e  in d iv id u a l stump i s  a  c r i t i c a l  s tep  o f th e  te ch n iq u e . The 
techn ique  i s  a  com plicated  one, and re q u ire d  a  v e ry  higfr degree o f s k i l l  to  
ach iev e  s a t i s f a c to r y  r e s u l t s .
( f )  Two P a r t  C astin g  Technique. This i s  an o th er m o d if ic a tio n  o f  th e  
s tan d a rd  hand wrap c a s t in g  p rocedu re . F i l la u e r  (1971) Has d e sc rib e d  t h i s  
tech n iq u e . The technique aims a t  d e f in in g  th e  a n te r io r  s t r u c tu r e s  o f th e  
stump p re c is e ly ,  a s  th ey  a r e  o f  utm ost im portance in  so cke t f i t t i n g . ’ Once 
th e se  f e a tu re s  a re  e s ta b lis h e d , th e  r e s t  o f th e  c a s tin g  f e a tu re s  a re  d e fin ed  
in  th e  n e x t s tag e  o f c a s t in g . This e n ta i l s  c a s t in g  o f th e  stump in  s ta g e s .
In  t h i s  tech n iq u e , f i r s t  a  p la s t e r  s p l i n t . i s  p laced  over th e  a n te r io r  
h a l f  o f th e  stump to  d e fin e  i t s  f e a tu re s .  When i t  i s  abou t to  s e t  p a t e l l a r  
im pressions a r e  c re a te d  on e i th e r  s id e  o f  th e  p a t e l l a r  tendon. A f te r  th i s  
p re  t i b i a l  s h e l l  has fo m ed , th e  r e s t  o f  th e  stump is  wrapped around to  
com plete th e  c a s t in g  p rocedure .
I t  i s  claim ed th a t  by t h i s  techn ique  an improved d e f in i t io n  o f bony 
s t ru c tu re s  i s  o b ta in ed , and no gross re d u c tio n  o f p la s t e r  i s  re q u ire d  in  
th e  p o s i t iv e  mould to  o b ta in  m e d io - la te ra l  w eight b e a r in g  and l a t e r a l  support 
a lo n g  th e  s h a f t  o f th e  f ib u la .
The c a s t in g  system has a  d e f in i te  advantage in  d e f in in g  th e  c r i t i c a l  
a re a s  o f  th e  stump. However, s in c e  i t s  success i s  dependent upon th e  s k i l l  
o f th e  p r o s th e t i s t  in  ta k in g  th e  c a s t ,  i t  has th e  same in h e re n t drawbacks 
a s  th a t  o f s tan d a rd  wrap c a s t .
I t  i s  ev id en t from th e  d isc u ss io n s  so f a r  th a t  a ttem p ts  to  improve upon
>
th e  c irc u m fe re n tia l hand wrap c a s tin g  techn ique  by employing o th e r  m ethods, 
have r e s u l te d  in  overcoming some o f th e  f a c to r s  b u t have le d  to  th e  i n t r o ­
du c tion  o f o th e r  o b je c tio n a b le  f e a tu re s .  The cu rre n t s t a t e  o f  th e  aa:t o f
c a s t in g  tech n iq u es  seems to  need  fu r th e r  work. The a u th o r , th e re fo re ,
decided  to  develop a techn ique  in  which th e  e x is t in g  drawbacks could  be 
e lim in a ted  a s  f a r  a s  p o s s ib le , by th e  a p p lic a t io n  o f a uniform  a i r  p re s su re  
d i r e c t ly  over th e . stump w hile  c a s t in g  i t .  The rem ainder o f t h i s  th e s i s  w i l l
be devoted to  a  d e sc r ip tio n  o f  my work on th i s  to p ic .
CHAPTER V II
THE PRINCIPLES OF PRESSURE CASTING TECHNIQUE
The su c c e ss fu l f i t t i n g  o f  th e  PTB p ro s th e s is  depends upon p re c is e  
shaping o f  th e  socket in  r e l a t i o n  to  th e  stump. The c u rre n t method o f  hand 
■wrap c a s t in g  and r e c t i f i c a t i o n s  o f  th e  p o s i t iv e  mould to  o b ta in  a  model f o r  
c o n s tru c tio n  o f PTB socket i s  la r g e ly  dependent upon th e  s k i l l  o f th e  
p r o s th e t i s t .  The drawbacks o f  such a p rocedure  have a lre a d y  been d e a l t  w ith  
in  th e  p rev io u s  ch ap te r .
W hile working a t  B iom echanical R esearch and Development U n it, Roehampton, 
London, i t  seemed to  me th a t  a , new concept o f - c a s t in g  a  below knee stump 
could  be developed which would overcome th e  v a rio u s  l im i t in g  f a c to r s  o f th e  
hand wrap c a s t in g  p rocedu re . '
1 . OBJECTIVES
I t  was thought a t  th e  o u ts e t  th a t  i f  th e  fo llo w in g  f a c to r s  in  th e  new 
system to  be developed could  be d e a l t  w ith  e f f e c t iv e ly ,  i t  m ight be p o s s ib le  
to  overcome most o f th e  o b je c tio n a b le  f e a tu re s  o f  th e  e x is t in g  c a s t in g  
tech n iq u e . y
(a) The system used to  be such in  which th e  i l l  e f f e c t s  o f  c ircu m fer­
e n t ia l  hoop s t r e s s e s  and hand moulding could  be e lim in a ted .
(b) The level and d i s t r ib u t io n  of p re s su re s  a t  th e  s tu m p /cas t in te r f a c e  
should  be p re d ic ta b le ,  and th e  le v e l  o f p re s su re  should be capab le  o f  b e in g  
v a r ie d .
(c) The system used to  be such th a t  i t  r e s u l t s  in  a  c lo s e ly  a p p lie d  
c a s t ,  which, in  tu rn  forms a  b a s is  fo r  th e  form ation  o f  a  t o t a l  c o n ta c t so c k e t,
(d) To develop a. system o f  stump c a s t in g  th a t  would r e s u l t  in  a  p o s i t iv e  
mould which would re q u ire  th e  minimum of hand work on i t  p r io r  to  socket 
making.
(e) The system used should be capab le  o f  p roducing  c o n s is te n t  r e s u l t s ,  
d e fin e d  upon b e in g  a b le  to  rep roduce  th e  c a s t in g  c o n d itio n s  w ith  accu racy .
( f )  The system used must be sim ple to  ap p ly  and need no com plicated  
or expensive support equipment.
2. CONCEPT OF AIR PRESSURE CASTING
The below knee stump i s  t r i a n g u la r  in  c ro ss  s e c tio n  r a th e r  th an  c i r c u la r .  
C ircu m fe ren tia l w rapping o f  th e  stump by p la s t e r  bandages ten d  to  round th e  
u su a l t r i a n g u la r  c ro ss  s e c tio n  o f th e  stump, and a ls o  because th e  te n s io n  in
d i f f e r e n t  tu rn s  o f bandages a p p lie d  cannot be c o n tro lle d , th e re  i s  no 
knowledge o f th e  a c tu a l  le v e l  o f  p re s su re s  o r i t s  d i s t r ib u t io n  a t  th e  stum p/ 
c a s t  in te r f a c e .  Such a  p rocedure  ten d s  to  produce h ig h e r p re s su re s  over 
a re a s  o f sm all ra d iu s  o f  c u rv a tu re s , such a s  bony prom inences, and no 
p re s su re  over f l a t  o r r e - e n te r a n t  a re a s , a  s i tu a t io n  e x a c tly  o p p o s ite  to  
th e  one re q u ire d  a t  s tu m p /cast in te r f a c e .  I t  i s  because o f t h i s  f a c t  th a t  
th e  p o s i t iv e  mould re q u ire s  re d u c tio n  r e c t i f i c a t i o n s  to  in c re a se  c o n ta c t in  
th o se  a re a s  where th e re  was no p re s su re  and b u ild  up r e c t i f i c a t i o n s  where 
h ig h e r p re s su re s  were a p p lie d .
The au th o r proposed to  overcome' th e  above drawbacks o f  u n d e s ira b le  
p re s su re  g ra d ie n ts  a t  th e  s tu m p /cast in te r f a c e  by employing some means to  
produce and c o n tro l t ig h tn e s s  o f  th e  c a s t  w h ile  i t  i s  s e t t in g  around th e  
stump. I t  was f e l t  th a t  i t  m ight be p o s s ib le  to  ach iev e  t h i s  by use o f  
r a i s e d  a i r  p re s su re . I f  t h i s  ware p o s s ib le  to  ach ieve  in  p ra c t ic e , ,  i t  would 
ensure  th a t  t ig h tn e s s  o f c a s t  was uniform  in  a l l  a re a s .
For th e  a p p l ic a t io n  o f uniform  a i r  p re s su re  a l l  around i t  was co n sid e red  
e s s e n t ia l  th a t  th e  system should  be such th a t  th e  p re s su re s  a r e  im parted  
d i r e c t l y  over th e  stump w ith o u t b e in g  m odified  i f  a  membrane i s  in te rp o se d  
between th e  stump and th e  a i r  chamber. T h is was suggested  in  o rd e r to  av o id  
th e  p o s s ib le  ad v erse  e f f e c ts  r e s u l t in g  from th e  use o f  th e  membrane in  th e  
H y d ro s ta tic  o r Pneumatic c a s tin g  system s d esc rib ed  in  p rev io u s  c h a p te r .
In  a  c lo sed  p re s su re  system (F ig .13A ), th e  s e p a ra tin g  membrane a t  i t s  
f ix e d  upper a id  tends to  r i s e  up th e  c o n ica l s e c tio n  o f  th e  lim b when th e  
p re s su re  i s  r a is e d .  This in  tu rn  produces a  s l in g  e f f e c t  over th e  end o f  
th e  stump which may d i s t o r t  th e  te rm in a l t i s s u e s .  The n e t r e s u l t  o f  t h i s  
would be th a t  th e  te rm in a l t i s s u e s  a r e  su b jec te d  to  p re s su re s  in  excess o f 
in tended  p re s su re .
I t  was thought th a t  i t  m ight be p o s s ib le  , to  p ro v id e  a  s in g le  w a ll open 
bag w ith  a  s e l f  a d ju s t in g  a i r  s e a l  a t  th e  open a id  th a t  would f i t  to  th e  
p a t ie n ts  th ig h  (F ig . 13B). Yftien th e  below knee stump i s  p la ce d  in  t h i s  bag 
i t  should be p o s s ib le  to  r a i s e  th e  a i r  p re s su re  w ith in  th e  bag  by means o f  
a  pump which would have th e  c a p a c ity  to  m a in ta in  th e  r a i s e d  p re s s u re  in  th e  
p re s a ic e  o f  any a i r  le a k  p a s t  tine s e a l .  The t i s s u e s  o f  th e  stump would th u s  
be compressed d i r e c t l y  by th e  r a is e d  a i r  p re s su re  in  th e  bag ,
I f  th e  t i s s u e s  o f  th e  stump were covered by a  la y e r  o f  f l u i d  p l a s t e r  o f  
p a r i s ,  which in  tu rn  was covered by an im pervious membrane whose proxim al a id  
was n o t . f ix e d  in  th e  p re s su re  bag, and th e  space between t h i s  membrane and
poubic M ailed. 
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th e  sk in  was ven ted  to  atm osphere p re s su re , th e  r a is e d  a i r  p re s su re  w ith in  
th e  hag would "squeeze" th e  wet p la s t e r  on th e  t i s s u e s .  The use  o f th e  
f lu i d  la y e r  o f p la s t e r  a t  t h i s  s tag e  of th e  c a s tin g  would a c t  as a  p re s su re  
t r a n s f e r  medium. By th i s  means the  f l u i d .p l a s t e r  would be h e ld  a g a in s t  th e  
t i s s u e s  by th e  r a is e d  a i r  p re ssu re  u n t i l  i t  has s e t .
Because th e  t ig h tn e s s  of the c a s t  would be produced by a i r  p re s su re , 
th i s  can be c o n tro lle d  and would be uniform  in  a l l  a re as  a t  th e .tim e  o f 
p la s t e r  s e t t in g ,  be in g  independent o f the  shape of the  t i s s u e s  b e in g  c a s t .
The r e s u l t a n t  c a s t  would th e re fo re  conform to  th e  shape of th e  stump a t  th e  
tim e o f c a s tin g .
In  th i s  system s in ce  th e  le v e l  o f d e liv e re d  a i r  p re s su re  can be 
c o n tro lle d  and k ep t co n sta n t throughout th e  c a s tin g  p rocedure by employing 
a s u i ta b le  blow er u n it-w ith  a  p re ssu re  gauge, th e  le v e l  and d i s t r ib u t io n  of 
p re s su re s  a t  s tu m p /cast in te r f a c e  can be p redeterm ined  a t  th e  tim e o f c a s t in g .
Such a system  would e lim in a te  th e  non-uniform  p re ssu re  d i s t r ib u t io n  
produced by hand moulding and deform ation  of th e  c a s t  re sp o n s ib le  f o r  
invoking  a v a r ie ty  of t i s s u e  re sp o n ses, v a ry in g  from zones where p re s su re s  
axe lo c a l ly  ex cessiv e  to  a re a s  where no su pport i s  a v a i la b le .
Having proposed a  method of ap p ly in g  a un ifo rm ly  a p p lie d  t o t a l  c o n tac t 
c a s t ,  i t  was decided  to  implement th e  ph ilosophy  in  th e  c l i n i c a l  s i tu a t io n .
3. PRESSURE CASTING IN CLINICAL SITUATION
To give a p r a c t ic a l  shape to  th e  p r in c ip le s  considered  n ece ssa ry  in  th e  
c a s t in g  procedure , th e  au th o r suggested  a  tech n iq u e  of p u t t in g  i t  in to  
p r a c t ic e .
F i r s t  th e  stump would be covered by a sock ex tend ing  w ell up th e  th ig h . 
This sock would ven t th e  c a s t  to  atm osphere when th e  p la s t e r  i s  w et, and 
l in e  th e  c a s t  when th e  c a s t  has s e t .  "
In  th e  proposed techn ique (P ig .l4 A ), in  o rd e r to  e lim in a te  th e  p o s i t iv e  
mould r e c t i f i c a t i o n  p roced u res , i t  was planned to  in c o rp o ra te  th e se  f e a tu re s  
in  th e  n eg a tiv e  c a s t  i t s e l f  a t  the  tim e of c a s t in g . T his would be ach ieved  
by employing s u i ta b ly  shaped pads a t  s u i ta b le  p la c e s  among th e  la y e r s  o f th e  
c a s t  i t s e l f .
In  o rd e r to  p rev en t th e  c irc u m fe re n tia l hoop s t r e s s e s  o f p l a s t e r  bandage 
wrapping, i t  was decided  to  la y  the  p la s t e r  s la b s  leng thw ise  over th e  stump 
w ithou t any te n s io n .
Pr
es
su
re
 
C
as
t
FI
GU
RE
 
14
A
Pressure Cast
1
 / y  f l eL l e j .  |)ac(.
F ib u la .
—  —   S  fC L y) *
 ^  1 “ Sac  K .
- - ^  2F~ £>g c k - 
^  Plaster SLab.
—> Muscles.
—  — ^  P o js l t ie t t f  Pad
t \
Cross Sec t ion  Leg
FIGURE 14B
A th in  P.V. C. bag would be employed a s  an im pervious membrane to  cover 
th e  p la s t e r  s la b s  and p u lle d  w e ll up th e  th ig h . I t  was decided  to  use a s  a  
p re s su re  c o n ta in e r  f o r  th e  new c a s t in g  techn ique  a  s p e c ia l  p l a s t i c  bag 
developed in  B iom echanical R esearch and Development U n it, Roehampton, a s  a  
wound d re s s in g , and in c o rp o ra tin g  a s e l f  a d ap tin g  a i r  s e a l  developed in  th e  
Hover C ra ft in d u s try  ( P a ta i t  No.1329241). The stump w ith  i t s  sock, wet 
p l a s t e r  and s e p a ra tin g  membrane on i t ,  would be p laced  in  t h i s  s p e c ia l  bag 
and th e  a i r  p re s su re  r a is e d  to  th e  d e s ire d  le v e l .
JThe p l a s t e r  o f p a r is  w h ile  in  a  l iq u id  s t a t e ,  w il l  flow  f r e e ly  under 
p re s su re  to  adopt th e  shape o f th e  stump b e fo re  i t  s e t s  (Pig.14B)b D uring 
th e  p rocedure th e  a i r  w ith in  th e  P.V. C„ bag and among v a rio u s  la y e r s  o f  th e  
c a s t in g  socks and p l a s t e r  s la b s  i s  ex p e lled  to  th e  atm osphere, r e s u l t in g  in  
an  in t im a te ly  f i t t i n g  cast#
The use o f  uniform  a i r  p re s su re  th e re fo re  would ensure c o n ta c t o f  th e  
c a s t  n o t on ly  in  th e  im portan t support a re a s  o f  th e  stump, b u t a l l  around 
in c lu d in g  th e  d i s t a l  end o f th e  stump. The p re s su re  s e n s i t iv e  a re a s  o f  th e  
stump covered by r e l i e f  pads .though su b je c te d  to  uniform  p re s s u re , would 
f in d  adequate  r e l i e f  in  th e  form o f re c e s se s  l e f t  when th e  r e l i e f  pads a r e  
removed#
The n e g a tiv e  c a s t  produced by th i s  method w i l l  have, in  a d d it io n  to  th e  
re c e s se s  produced by r e l i e f  pads fo r  th e  p re s su re  s e n s i t iv e  a r e a s ,  con tours  
fo r  c o n tac t p re s su re s  in  th e  p re s su re  to le r a n t  a re a s  produced by a rc  p re s s u re . 
These fe a tu re s  w i l l  g e t t r a n s f e r r e d  to  th e  p o s i t iv e  mould when p l a s t e r  i s  
poured in  th e  n e g a tiv e  c a s t  to  o b ta in  i t .  The p o s i t iv e  mould th e re fo re  
would re q u ire  no m ajor r e c t i f i c a t i o n s .  The only  work to  be done on i t  
would be to  cu t a  p a t e l l a r  tendon groove and p ro v id e  a  f l a r in g  e f f e c t  to  
th e  to p  p o s te r io r  brim  o f th e  so ck e t. The r e s u l t in g  p o s i t iv e  p l a s t e r  mould 
would resem ble th e  stump con tours  a c c u ra te ly , th u s  p ro v id in g  th e  b a s is  f o r  
th e  c o n s tru c tio n  o f a  t o t a l  c o n ta c t, com fortab le  and fu n c t io n a l ly  a c c e p ta b le  
so ck e t.
4 » ' CONCLUSIONS
Im plem entation o f th e  p rocedure  proposed in  t h i s  c h ap te r  shou ld  r e s u l t  
in  ach iev in g  th e  d e s ire d  o b je c t iv e s . By th i s  method i t  would be p o s s ib le  to  
e lim in a te  th e  non-uniform  p re s su re  d i s t r ib u t io n  over th e  stump a t  th e  t i n e  o f 
c a s tin g . The techn ique  o f  c a s t in g  employed should r e s u l t  in  a  p o s i t iv e  mould 
'which d o e s n 't  r e q u ire  m ajor r e c t i f i c a t i o n s .
S ince th e  techn ique  would d ic t a t e  th e  p h y s ica l dim ensions o f  th e  socket 
n e ce ssa ry  to  produce th e  re q u ire d  c o n d itio n  a t  th e  s tum p/socket in te r f a c e ,  
th e  p r o s th e t i s t  w ith  an average  s k i l l ,  should  he a b le  to  c a r ry  ou t th e  
techn ique  to  produce c o n s is te n t r e s u l t s .
CHAPTER V I I I
EXPERIMENTAL TECHNIQUE FOR PRESSURE CASTING PROCEDURE
The in te n t io n  o f th i s  ch ap te r i s  to  d e sc rib e  in  d e t a i l  th e  method o f 
p roducing  th e  stump c a s ts  f o r  th e  c l i n i c a l  t r i a l  (p re v io u s ly  i l l u s t r a t e d  
in  F ig . 14-A)
1. MATERIALS NEEDED
The fo llo w in g  m a te r ia ls  and equipment a r e  needed in  th e  c a s t in g  o f  a  
below knee stump in  t h i s  tech n iq u e .
Two, two-way s t r e tc h  b rushed  nylon  c a s tin g  socks.
S to c k in e tte  s le e v e .
Semi-compressed s e l f  ad h esiv e  s u rg ic a l f e l t  5^  and 2mm th ic k .
P o p l i te a l  pad.
Double s id ed  s t ic k y  ta p e .
Two, 2 -p ly  6" p la s t e r  s la b s  to  m easurem ents,
4" P la s te r  o f  P a r is  bandages.
A-P.V.C. bag.
In d e l ib le  p e n c i l .
S c is s o r s .
Tape m easure.
Combination squareo
Knee m easuring c a l ip e r  w ith  c a l ib ra te d  s c a le .
B asin  w ith  c lean  w a te r .
P l a s t e r  t r o l l e y .
P ressu re  bag.
C o n tro lled  P re ssu re  C asting  (CPC) Machine.
C asting  p l in th .
P re s su re  Bag -  T his c a s tin g  techn ique  employed a  p re s su re  bag developed by 
BRADU, Roehampton (F ig .l5 a , b & c ) ,  because i t  b e in g  a  s in g le  w a lled  open 
bag w ith  a s e l f  a d ju s t in g  a i r  s e a l  a t  i t s  open end met a l l  th e  req u irem en ts  
considered  e s s e n t ia l  in  a  p re s su re  bag f o r  th e  a i r  p re s su re  c a s t in g  system .
These bags a re  made o f  c le a r  f l e x ib le  P.V. C ., and a r e  f a b r ic a te d  by 
h igh  frequency w elding. The bag in c o rp o ra te s  a  p le a te d  type o f  a i r  s e a l  a t  
i t s  proxim al end, s im ila r  to  th e  one used in  th e  H o v ercraft in d u s try . The 
s e a l i s  made up o f p le a t s  o f f l e x ib le  p l a s t i c  and i s  thus s e l f  a d a p tin g  to  
a  wide range o f  s iz e s  and shapes o f  th e  lim b. The s e a l  m a in ta in s  th e  r a i s e d  
a i r  p re s su re  w ith in  th e  bag w ithou t e x e r tin g  any to u rn iq u e t e f f e c t  on th e
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lim b. Because th e  f l e x ib le  p le a t s  o f  th e  s e a l i t s e l f  cannot develop any 
fo rc e  a g a in s t  th e  t i s s u e s ,  th e  p re s su re s  developed by th e  in f l a te d  bag 
a g a in s t  th e  t i s s u e s  i s  uniform , and no h ig h e r p re s su re  can develop under 
th e  s e a l .  T h is  i s  th e  only  ty p e  o f  s e a l  which d o e s n 't  e x e r t any to u rn iq u e t 
e f f e c t .
C o n tro lled  P re s su re  C asting  Machine -  This i s  e s s e n t ia l ly  a  blow er u n i t  
employed to  m ain ta in  re q u ire d  r a is e d  a i r  p re s su re  w ith in  th e  p re s su re  bag. 
Two types o f  blow er u n its  a re  in  use a t  p re s e n t. The p ro to ty p e  u n it  
developed and c o n stru c te d  in  BRADU, Roehampton, and th e  commercial u n i t  
m arketed by Cape E ngineering  L td 0
Both u n i ts  a r e  p o r ta b le  and re q u ire  only  th e  normal mains supp ly .
The p ro to ty p e  u n i t  has a  m u lt i- s ta g e  c e n tr i fu g a l  blow er, whereas th e  
commercial u n i t  (F ig . 15a , b & c) employs a  two s tag e  h ig h  speed c e n tr i fu g a l  
blow er, a s  used in  th e  c y lin d e r  type vacuum c le a n e rs . The blow er u n its  a re  
connected to  th e  p re s su re  bag  by means o f a  f l e x ib le  lig h tw e ig h t p l a s t i c  
h o se , and th u s  th e re  i s  no e l e c t r i c a l  connection  to  th e  p a t i e n t .
The a i r  o u tp u t p re s su re  o f  th e  p ro to ty p e  u n i t  i s  c o n tro lle d  by a llo w in g  
excess a i r  to  escape to  atm osphere through a m anually c o n tro l le d  o rj.face , 
p laced  n e a r i t  ju n c tio n  w ith  th e  p re s su re  bag. The Cape u n it  however 
in c o rp o ra te s  a  th y r i s to r  speed c o n tro l ,  ag a in  m anually  o p e ra ted .
The p ro to ty p e  u n i t  d e l iv e r s  a i r  p re s su re s  over a  range o f 5 to  4^ m.m. 
o f  H g ., and th e  Cape u n i t  from 5-60 m.m. o f Hg. The a i r  flow c a p a c ity  o f  both  
u n i ts  i s  in  excess o f  th e  a i r  le a k  r a t e  from th e  p re s su re  bag, which gaaemHy 
f a l l s  in  th e  range  o f  1 .5  to  5 lb / s e c .  The d e liv e re d  a i r  p re s su re  i s  
d isp la y ed  on a p re s su re  gauge o f  th e  range o f  0-60 m.m. o f  Hg.
The P o p l i te a l  Pad -  This pad i s  re q u ire d  to  c re a te  th e  d e s ire d  p o p l i te a l  
im pression  in  th e  castb  To make t h i s  pad, a  l ig h t  th e rm o p la s tic  m a te r ia l  
known a s  P e l i t e  h as been employed. T his pad i s  p rep ared  by shap ing  th e  
P e l i t e  m a te r ia l  in to  a  rough ly  t r i a n g u la r  form, one s id e  o f  which rem ains 
f l a t ,  whereas th e  o th e r  shaped in to  a  convex su rfa c e  (F ig . 16a & b) • The 
le n g th  and w id th ’ o f th e  pad a r e  k ep t to  about 3?>-M and 2 j"  r e s p e c t iv e ly .
The maximum th ick n ess  measured a t  th e  c e n tre  o f  th e  pad should  be 
a p p r o x i m a t e l y t a p e r i n g  g ra d u a lly  towards i t s  edges. The pad  o f  t h i s  
dim ension w ith  i t s  convex su rfa c e  tow ards th e  stump when p laced  in  th e  
p o p l i te a l  reg io n  in  between th e  ham string  tendons, produces th e  con tour 
in  th e  c a s t  re q u ire d  fo r  th e  n e ce ssa ry  a n t e r io r ly  d ire c te d  co u n ter fo rc e  
by th e  p o s te r io r  socket w a ll.
Kel i t e  P o p l i t e a l  Kad
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2. PROSTHETIC MEAST3RHJEKTS
B efore  c a s t in g  a  stump, i t  i s  n e ce ssa ry  to  rec o rd  c e r ta in  d a ta . For
keeping  such re c o rd s , th e  fo m  used by th e  au th o r i s  shown on page 54*
C arefu l re c o rd  n o t only  h e lp s  in  making th e  socket and th e  p ro s th e s is ,  b u t
a ls o  h e lp s  in  fu tu re  re fe re n c e s . |>dlTWt*s i's ta b u la te d  in Af>f>endiji A C Q 400
0 * jpajes \\<* 4- n o .
Stump measurements a r e  used to  check th e  p o s i t iv e  mould b e fo re  a  socket 
i s  lam ina ted  over i t .  The a n te r o -p o s te r io r  measurements a t  th e  p a t e l l a r  
tendon le v e l  i s  used to  ensure  th a t  th e  stump i s  p ro p e r ly  supported  by th e  
p a t e l l a r  tendon b a r  and th e  p o s te r io r  so cket w a ll. The m e d io - la te ra l  
dim ensions a t  th e  fem oral ep icondy lar le v e l  ag a in  e s ta b lis h e s  i t s ’r e l a t i o n ­
sh ip  w ith  re s p e c t  to  so cket measurements a t  t h i s  level*  Stump le n g th  i s  
taken  in to  accoun t fo r  th e  purpose o f a lignm en t and f i t t i n g ,  and to  decide  
upon th e  type  o f suspension  to  be p ro v id ed .
Measurements o f  th e  normal l e g  and fo o t a r e  n e ce ssa ry  in  making th e  • 
p ro s th e s is  o f  c o r re c t  le n g th  and shape* = The o th e r  in fo rm atio n s  re q u ire d  
a r e  shown on th e  reco rd  sh ee t and a re  s e l f  ex p lan a to ry .
3. PREPARATION BEFORE CAST BTC
B efore  c a s t in g  o f  th e  stump i s  done, i t  i s  n e ce ssa ry  to  make th e  
p re s su re  r e l i e f  pads and th e  p la s t e r  s la b s  to  be used in  th e  c a s t in g  
p rocedu re .
(A) P re p a ra tio n  o f  R e l ie f  P ads. The r e l i e f  pads a r e  p re p a red  by 
m easuring th e  le n g th  and b re a d th  o f  th e  bony a re a s  o f th e  stump which 
re q u ire  r e l i e f  from p re s su re  w ith in  th e  so ck e t. In  th i s  tech n iq u e  semi 
compressed s e l f  ad h esive  s u rg ic a l  f e l t  has been employed, because i t  i s  
r e a d i ly  a v a i la b le  from th e  h o s p i ta l  supply  s to re s  and comes in  v a rio u s  
th ic k n e ss  s iz e s ,  w ith  a  p ro te c t iv e  co v erin g  over i t s  ad h esiv e  s id e . O ther 
m a te r ia ls  l ik e  kemblo, le a th e r  o r o rd in a ry  f e l t  could  a ls o  be used f o r  
making th e se  p ads. However i t  w il l  have to  be ensured th a t  th ey  a r e  o f  • 
p ro p er th ic k n e ss , and th a t  a s u i ta b le  ad h esiv e  substance  i s  a p p lie d  to  i t  
and a t  th e  a p p ro p r ia te  a re a s  on th e  c a s t  sock, where th e se  pads w i l l  be 
lo c a te d .
The sem i-com pressed s e l f  ad hesive  s u rg ic a l  f e l t  i s  p r e f e r r e d  over th e  
s o f t  v a r ie ty ,  because th e  f ib r e s  o f  th e  s o f t  s u rg ic a l  f e l t  g e t s tu c k  to  th e  
in n e r su rfa c e  o f th e  c a s t ,  when i t  i s  removed from i t  a lo n g  w ith  th e  sock 
over which i t  was s tu ck .
Name
Date of Amputation 
Cause of Amputation
Age Sex
Weight
Date of C ast
Amputation s i^ e  Date of f i t t i n g
STUMP MEASUREMENTS SOUND SIDE MEASUREMENTS/
T ib ia l  P la teau
T
i
V
A.P =
M.L = Shoe s iz e :  
Heel h e ig h t
STUMP DESCRIPTION
Type of am putation 
Shape of th e  stump 
C ond ition  of sk in
C ond ition  of subcutaneous t i s s u e  
C ondition  of stump m usculature
C ondition  of the b o n e s ................■............
C ondition  of p ressu re  to le r a n t  areas 
C ond ition  of p re ssu re  s e n s i t iv e  a reas  
C ond ition  of knee .jo in t
O ther fe a tu re s  i f  any '
T ib ia l  R e l ie f  P ads. Hi th e  usual p r a c t ic e  two r e l i e f  pads a r e  fa sh io n ed  
to  p ro v id e  r e l i e f  to  th e  bony s e n s i t iv e  a re a s  of' th e  t i b i a .  However, in  
c e r ta in  stumps in  which th e  bony tu b e rc le  over th e  L a te ra l  T ib ia l  f l a r e  i s  
too  p rom inent, a  th i r d  pad has a lso  to  be made.
A s in g le  la rg e  r e l i e f  pad f o r  th e  c r e s t ,  a n te r o - d i s ta l  and lower cu t 
end o f  th e  T ib ia  i s  f i r s t  made out o f  5 m.m. th ic k  s u rg ic a l f e l t  ( F ig . l7 - a ) .  
To fa sh io n  th i s  pad, measurements a r e  taken  from th e  proxim al b o rd e r o f  th e  
T ib ia l  tu b e rc le  to  th e  p o s te r io r  c u t edge o f th e  T ib ia  (a -a^ ) to  g ive  th e  
re q u ire d  le n g th  o f  th e  pad. The measurements a t  maximum w id th  o f th e  T ib ia l  
tu b e rc le  (b -b ^ ) ,  b e v e lle d  a n te r o - d i s ta l  (d -d^) and low er cu t end o f th e  T ib ia  
(e -e^ ) a r e  then  reco rd ed . The w idth  o f  th e  pad in  th e  T ib ia l  c r e s t  reg io n  
(c -c^ ) i s  k e p t to  1" so th a t  o f  f e l t  covers th e  bone on e i th e r  s id e  o f  th e  
c r e s t .  A pad i s  then  cu t from th e  s u rg ic a l  f e l t  a s  p e r th e  dim ensions taken  
above.
F or th e  p ro v is io n  o f th e  a d d i t io n a l  r e l i e f  in  th e  a n te r o - d i s t a l  and 
low er cu t end o f th e  T ib ia , a n o th e r sm all r e l i e f  pad i s  fa sh io n ed . To make 
th i s  sm all pad (F ig . 17-b) measurements from th e  a re a  from where th e  T ib ia  i s  
b e v e lle d , to  th e  p o s te r io r  cu t edge o f  th e  bone (a -a ^ ) ,  g ives th e  re q u ire d  
le n g th  o f  th e  pad . Record o f maximum w idth  o f th e  low er cu t end (c-c* ) and 
a t  th e  a n te r o - d i s ta l  b e v e lled  a re a  (b-b^) com pletes th e  measurements necessary  
fo r  shaping  t h i s  pad . The pad i s  then  cu t out o f 2 m.m. th ic k  s u rg ic a l  f e l t  
as p e r th e  dim ensions tak en . The pad i s  th e r e a f te r  reduced  in  s iz e  by a l l  
around, to  enable i t  to  be n e a t ly  overlapped  by  th e  low er end o f  th e  s in g le
la rg e  T ib ia l  r e l i e f  pad, when b o th  a re  s tu ck  to  th e  stump.
A th i r d  sm all oval pad (F ig .l7 -c )  i s  o c c a s s io n a lly  neede to  cover th e  
too  prom inent bony tu b e rc le  over th e  l a t e r a l  T ib ia l  f l a r e .  T h is  pad i s  
fa sh io n ed  out o f 2 m.m. th ic k  s u rg ic a l  f e l t  by m easuring th e  le n g th  (a -a -*) 
and b read th  (b-b^) o f  th e  tu b e rc le .
F ib u la r  R e l ie f  F ads. Two r e l i e f  pads, one fo r  th e  head  o f  f ib u la  and
th e  o th e r fo r  th e  low er cu t end o f th e  bone a r e  made. R e l ie f  pad fo r  th e
Head o f F ib u la  (F ig .17d) i s  made by  ta k in g  measurements from th e  upper end 
o f th e  head to  beyond i t s  low er edge (a -a ^ ) ,  and th e  a n te r o -p o s te r io r  
dim ensions (b -b ^ ) . I t  i s  e s s e n t ia l  to  extend the  r e l i e f  pad down to  th e  
neck of th e  f ib u la  to  p ro te c t  th e  l a t e r a l  p o p l i te a l ’ n e rv e . The pad i s  th en  
fash io n ed  out. o f  5 m.m. th ic k  s u rg ic a l  f e l t .
S im ila r ly  a  sm all pad i s  made f o r  th e  low er cu t end o f th e  f ib u la  
(F ig .1 7 -c ) , by n o tin g  th e  le n g th  (a -a^ ) and b read th  (b-b^) a t  i t s  cu t end.
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The r e l i e f  pads p rep a red  in  th e  above manner a re  th en  n e a t ly  sk ived  n ea r 
t h e i r  p e rip h e ry , so th a t  when s ta c k  to  th e  stump sock, th e re  i s  smooth t r a n s ­
i t i o n  between th e  pads and th e  stump sock,
(B) P re p a ra tio n  o f  P l a s t e r  S la b s . Two p la s t e r  s la b s  a r e  needed d u rin g  
th e  c a s t in g  p ro ced u re . They a r e  made to  measurements from s ix  inches wide 
P la s te r  o f  p a r i s  bandages, two la y e r s  th ic k .  The s la b s .a r e  re q u ire d  to  cover 
th e  a n te r o -p o s te r io r  and m e d io - la te ra l  a sp e c ts  o f  th e  stump len g th w ise  to  
rroduce  a c a s t  o f  the. stump.
To make th e  a n te r o -p o s te r io r  s la b , measurements a r e  tak en  from th e  upper 
edge o f th e  p a t e l l a ,  round th e  end o f  th e  stump to  a  p o in t c o r  r  e sp on d in  g to  
th e  upper edge o f th e  p a te l l a  beh ind  th e  knee., The m e d io - la te ra l  s lab  i s  th en  
made keeping  i t  one inch lo n g e r than  th e  a n te r o -p o s te r io r  s la b , so th a t  i t  
covers th e  fem oral condyles a t  a  s l i g h t l y  h ig h e r le v e l , .
4° CAST BIG
The amputee i s  made to  s i t  on th e  c a s t in g  p l in th  and th e  a d ju s ta b le  
s e a tin g  board  i s  a d ju s te d  so th a t  i t  sup p o rts  th e  th ig h  and th e  back o f th e  
knee i s  app rox im ate ly  4M d i s t a l  to  i t s  edge.
A le n g th  o f s to c k in e t te  s le e v e  i s  p u lle d  over th e  th ig h , ex tend ing  from 
th e  g ro in  downwards up to  2" above th e  p a t e l l s .  T h e re a f te r  a  two-way s t r e tc h  
brushed nylon c a s t in g  sock i s  p u lle d  over th e  stump,, The two-way s t r e tc h  
c a s tin g  sock f i t s  snugly  over th e  e n t i r e  stump, and co n ta in s  th e  s o f t  t i s s u e s  
f irm ly  under i t ,  As th e  snug f i t  i s  m ain ta in ed  by th e  sock i t s e l f ,  te n s io n  
on th e  top  o f  th e  sock by a  webbing b e l t  i s  n o t n ecessa ry .
In  t h i s  techn ique  two-way s t r e tc h  brushed  nylon c a s t in g  ■ stump socks 
which come in  v a rio u s  s iz e s  have been used because o f th e  above ad v an tag es, 
and th a t  i t  comes o f f  th e  stump a lo n g  w ith  th e  p la s t e r  c a s t  e a s i ly  w ith o u t 
h a i r s  g e t t in g  s tu ck  to  i t ,  th e reb y  av o id in g  d iscom fort to  th e  p a t i e n t .
However o rd in a ry  c o tto n  c a s t  socks employed r o u t in e ly  in  p r o s th e t ic  p r a c t ic e  
cou ld  a lso  be used, b u t would need  webbing e l a s t i c  b e l t  to  m a in ta in  adequate  
te n s io n  a t  i t s  to p , to  keep th e  t i s s u e s  f irm ly  under i t .
The stump i s  then  f le x e d  to  20°, and h e ld  h i th a t  degree o f  f le x io n  
th roughout th e  subsequent p rocedure by th e  amputee. The amputee .is h is  t ru e  te d  
to  m ain ta in  t h i s  p o s i t io n  in  a re la x e d  manner. T his amount of f le x io n  a t  th e  
knee h e lp s  in  d e f in in g  th e  p a t e l l a r  tendon and i s  n ecessa ry  to  em phasise th e  
bony prom inences around th e  knee.
The r e l i e f  pads a r e  then  s tu ck  to  th e  p re s su re  s e n s i t iv e  a re a s  o f  th e  
stump ove?c th e  f i r s t  c a s t in g  sock (F ig , 18 a & b ) . These r e l i e f  pads a re  
t a i lo r e d  to  in d iv id u a l stumps. The 5 m.m. th ic k  s u rg ic a l f e l t  has been found 
to -provi.de adequate  r e l i e f  o f p re s su re  a t  most o f  th e  bony p re s su re  s e n s i t iv e ' 
a re a s .  However, f o r  th e  a n te r o - d i s t a l  and-low er cu t end o f  th e  T ib ia  t h i s  
amount o f r e l i e f  i s  found to  be inad eq u a te , a s  th e se  a re a s  a r e  s p e c ia l ly  
s e n s i t iv e  to  p re s s u re . T here fo re  a d d i t io n a l  r e l i e f  in  t h i s  a re a  i s  p rov ided  
by shaping  a n o th e r pad o f s u rg ic a l  f e l t  2 m.m. th ic k ,  A t o t a l  o f 7 m.m, th ic k  
r e l i e f  in  th i s  a re a  i s  found to  be adequate  in  most o f  th e  m y o p lastic  stumps
in  which th e  cu t ends o f  th e  bones a r e  w e ll covered w ith  adequate  m u scu la tu re .
/
However, in  th o se  s i tu a t io n s  where th e  d i s t a l  s o f t  t i s s u e  i s  sp a rse , and th e  
cu t end o f th e  bones a re  prom inent o r  sh arp , a d d i t io n a l  amount o f  r e l i e f  w i l l  
become' e s s e n t ia l  depending upon th e  ten d ern ess  in  th e  re g io n . T his may how­
ever r e s u l t  in to  lo s s  o f d i s t a l  su p p o rt, an u n d e s irab le  f e a tu r e .
Over th e  l a t e r a l  t i b i a l  f l a r e ,  o c c a s s io n a lly  th e  bony tu b e rc le  i s  found 
prom inent, and th u s  needs some r e l i e f  o f p re s su re  from th e  so ck e t w a ll .  The 
l a t e r a l  t i b i a l  f l a r e  i s  a  p re s su re  to le r a n t  a re a , bu t when such a  s i tu a t io n  
a r i s e s ,  p ro te c t io n  o f th e  bony tu b e rc le  by an oval 2 m.m. th ic k  f e l t  pad 
so lv es  th e  problem .
These pads a r e  s tu ck  over th e  sock v ery  c a r e f u l ly  by p a lp a t in g  th e  bony 
s t r u c tu r e s ,  b e fo re  s t ic k in g  them. F i r s t  th e  sm all pad (F ig .1 7 -b ) i s  s tu ck  
over th e  a n te r o - d i s t a l  and low er cu t end o f  th e  T ib ia , a f t e r  rem oving th e  
p ro te c t iv e  covering  to  e:q>ose th e  ad hesive  su rfa c e  o f th e  pad . I t  i s  c a re ­
f u l l y  checked th a t  th e  pad i s  in  th e  c o r re c t  p o s i t io n .  T h e re a f te r  th e  la rg e  
T ib ia l  r e l i e f  pad (F ig .1 7 -a ) i s  s tu ck  co vering  th e  T ib ia l  tu b e r c le ,c r e s t  o f 
T ib ia  and th e  sm all 2 m.m. th ic k  pad a lre a d y  p la ce d  over th e  a n te r o - d i s t a l  
and low er cu t end o f th e  T ib ia . At i t s  low er end, i t  may become n e c e ssa ry  
to  cu t d a r ts  in  th e  f e l t  pad a t  s u i ta b le  p la c e s , to  cover the end o f  th e  
stump n e a t ly .  I t  i s  ensured th a t  th e  pad i s  c o r r e c t ly  p la ce d . The r e l i e f  
pads f o r  th e  Head o f F ib u la , low er cu t end o f f ib u la  and th e  bony tu b e rc le  
over th e  l a t e r a l  T ib ia l  f l a r e  a r e  then  s tu ck  a t  t h e i r  re s p e c t iv e  p la c e s .
The second two-way s t r e tc h  c a s tin g  sock i s  then  g e n tly  r o l l e d  over th e  
f i r s t  c a s tin g  sock w ith  th e  p re s su re  r e l i e f  pads in  p la c e . W hile a p p ly in g  
th e  second c a s t in g  sock, ca re  i s  taken  to  ensure  th a t  th e  p re s s u re  r e l i e f  
pads do n o t g e t d isp la c e d  from t h e i r  p o s i t io n .  The p o s i t io n  o f th e  pads i s  
v e r i f i e d  b e fo re  p roceed ing  to  th e  n ex t s ta g e . The o u tl in e s  o f  th e  P a te l l a ,  
th e  le v e l  o f th e  p a t e l l a r  tendon b a r , th e  upper b o rd e r o f th e  p o s te r io r  
so ck e t w all and th e  v e r t i c a l  l i n e  a lo n g  th e  lo n g  axes o f  th e  stump, a r e  then
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drawn over t h i s  sock by an in d e l ib le  p e n c il  (F ig ,1 9 -a  & b ) .
These m arkings g e t t r a n s f e r r e d  on to  th e  p o s i t iv e  mould and serv e  a s  
im portan t landm arks fo r  exac t lo c a t io n  o f th e  above re fe re n c e  p o in ts .  A 
h o r iz o n ta l  mark over th e  P a te l la r - te n d o n  i s  made a t  m id -p o in t between th e  
low er edge o f  th e  P a te l la  and th e  upper end o f th e  T ib ia l  tu b e rc le .  Another 
h o r iz o n ta l  mark i s  then  made behind  th e  knee a t  th e  same le v e l .  T his l in e  
re p re s e n ts  th e  lo c a t io n  o f  th e  top  brim  o f  th e  p o s te r io r  so cke t w a ll. A 
v e r t i c a l  l i n e  a t  r ig h t  an g les  to  t h i s  h o r iz o n ta l  mark r e p re s e n ts  th e  lo n g  
a x is  o f th e  stump, and f a c i l i t a t e s . t h e  c o r re c t  placem ent o f  th e  P o p l i te a l  
pad.
These re fe re n c e  l in e s  in  th e  p o s te r io r  a sp e c t o f th e  stump a re  drawn so 
th a t  th e  p o p l i te a l  pad could  be c o r r e c t ly  lo c a te d  b e fo re  c a s t in g  th e  stump.
I t  was observed th a t  i f  th e  pad m s  p laced  a f t e r  th e  p l a s t e r  was a p p lie d  to  
. th e  stump, o r  even w ith in  th e  la y e r s  o f  th e  p l a s t e r ,  i t  was d i f f i c u l t  to  
o r ie n ta te  i t s  c o r re c t  placem ent.
Though' i t  was found e a s ie r  to  c o r r e c t ly  lo c a te  th e  pad b e fo re  c a s t in g  
th e  stump, th e  pad made o f  heavy m a te r ia l  due to  i ts .w e ig h t  tended  to  f a l l  
away from th e  stump. I t  would have been e a s ie r  to  h o ld  i t  in  p la c e  i f  th e
\
stump was wrapped c irc u m fe re n tia l ly  bu t s in c e  in  th i s  c a s t in g  tech n iq u e  
p l a s t e r  s la b s  a r e  p laced  lo n g i tu d a l ly  to  cover the  stump, th e  c a s t  had a 
tendency to  sag  w ith  th e  w eight o f  th e  p o p l i te a l  pad le a d in g  to  in c re a se  in  
th e  a n te r o -p o s te r io r  d im ensions.
In  o rder to  overcome t h i s  problem , i t  m s  decided  to  employ some v e ry  
l i g h t  m a te r ia l  to  c o n s tru c t th e  p o p l i te a l  pad. P e l i t e  a  l i g h t  th e rm o p la s tic  
m a te r ia l  m s  th e re fo re  chosen to  make th i s  pad.
The P e l i t e  P o p l i te a l  pad w ith  i t s  convex su rfa ce  tow ards th e  stump i s  
then  p laced  in  th e  p o p l i te a l  re g io n  (F ig ,2 0 a ) . The upper b o rd e r o f  th e  pad 
should  be p a r a l l e l  to  and a t  th e  le v e l  o f th e  p o s te r io r  h o r iz o n ta l  mark, and 
i t s  lo n g  a x is  c o in c id in g  w ith  th e  lo n g  a x is  o f  th e  stump. The P o p l i te a l  pad 
i s  h e ld  in  p la c e  by u sin g  double s id ed  s t ic k y  tap e  over th e  convex su rfa c e  o f  
the  pad.
The n ex t s te p  o f  th e  p rocedure  i s  a p p l ic a t io n  o f  th e  p l a s t e r  s la b s  to  
th e  stump, b u t b e fo re  doing i t  once ag a in  th e  c o r re c t  p o s i t io n in g  o f  th e  
r e l i e f  pads, p o p l i te a l  pad and th e  degree o f  knee f le x io n  a r e  a s c e r ta in e d . 
P a t ie n t  i s  in s t ru c te d  to  m ain ta in  20° f le x io n  a t  th e  knee in  a  re la x e d  manner 
throughout th e  fu r th e r  c a s t in g  p rocedure .
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The P o p l i te a l  pad i s  th en  h e ld  f irm ly  in  p la c e  by a  two la y e r  4" wide 
p la s t e r  s la b  lo n g  enough to  cover th e  p o s te r io r  h a l f  o f th e  stump a lo n g  w ith  
th e  pad (F ig .2 1 a) „ The s lab  i s  n o t p laced  around th e  whole c ircum ference  o f 
th e  stump to  av o id  any hoop s t r e s s e s  on th e  stump. I t  i s  fo llow ed  by th e  
a p p lic a t io n  o f th e  A n te ro -p o s te r io r  .and M e d io - la te r a l ' s la b s  (F ig , 21b & c ) .
The A n te ro -p o s te r io r  s lab  i s  a p p lie d  len g th w ise , s ta r t in g  in  f r o n t  o f th e
p a te l l a ,  p a s s in g  down and around th e  end o f  th e  stump, up th e  back to  th e
p o s te r io r  p o in t  correspond ing  to  th e  upper b o rd e r o f  th e  P a te l la ,  The Medio- 
l a t e r a l  s lab  i s  then  a p p lie d  s t a r t i n g  from th e  m edial s id e  o f  th e  knee about
4" above th e  p a t e l l a ,  p a ss in g  dow n'along th e  m edial s id e  and around th e  end
;
of th e  stump, co n tin u in g  up a lo n g  th e  l a t e r a l  s id e  o f th e  stump and knee to  
a p o in t about vr" above th e  p a t e l l a r  l e v e l .  The m e d io - la te ra l  s la b  i s  applied  
a t  a  h ig h e r  le v e l  on e i th e r  s id e  o f  th e  knee, because th e  m edial and l a t e r a l  
socket w a lls  a r e  re q u ire d  to  be a t  a  h ig h e r  le v e l .
The p l a s t e r  s lab s  a re  a p p lie d  d r ip p in g  w et, using  co ld  w a te r , to  a llo w  
more tim e f o r  th e  p la s t e r  to  s e t .  . I t  i s  ensured  th a t  th e  s la b s  a r e  evenly
sp read  over th e  stump a l l  a round. The s la b s  a r e  n o t rubbed on th e  stump, to
av o id  s h i f t in g  o f  th e  pads and th e  m arkings on th e  sock in  r e l a t i o n  to  th e  
u n d e rly in g  s t ru c tu re s  o f  th e  stump.
The th in  P.V. C. bag lo n g  enough to  extend w e ll up th e  th ig h  i s  th en  
p u lle d  over th e  stump (F ig ,21 d ) . I t  i s  fo llow ed  im m ediately by a p p l ic a t io n  
o f a  s u i ta b le  p re s su re  bag on th e  lim b (F ig ,2 1 e ) . The p re s su re  bag i s  h e ld  
in  p la c e  by hands, and th e  a i r  p re s su re  i s  g ra d u a lly  r a i s e d  to  40 m.m. o f  Hg, 
by means o f th e  b low er. D uring th i s  p rocedure  i t  must be a isu re d  th a t  th e  
stump i s  m ain ta in ed  in  20° f le x io n , and i t  d o e s n 't  touch o r  r e s t  a g a in s t  th e  
w a lls  o f th e  p re s su re  bag. The upper end o f  th e  P.V. C. bag should be w e ll 
above th e  a i r  s e a l  o f th e  p re s su re  bag, to  enable i t  to  s e p a ra te  th e  stump 
compartment from th a t  o f  p re s su re  bag compartment, which have d i f f e r e n t  
p re s su re s . Due to  a  p re s su re  g ra d ie n t th e  ' f l u i d  p la s t e r  flow s sm oothly 
around th e  stump to  ad ap t i t s  shape when i t  s e t s .  I t  has been found th a t  a  
p re s su re  around 40 m.m. o f Hg. r e s u l t s  in  a  c a s t  which f i t s  snug ly  around 
th e  stump. I t  tak es  approx im ate ly  5 m inutes fo r  th e  p l a s t e r  to  s e t .  A f te r  
th e  p la s t e r  has s e t  th e  a i r  blow er i s  sw itched  o f f ,  and th e  p re s su re  bag  and 
P.V.C. bag removed from th e  lim b.
The c a s t  a t  th i s  s tag e  i s  q u ite  th in  (F ig .2 2 -a ,b  & c ) ,  and. thus may g e t 
deformed d u rin g  i t s  removal from th e  stump. The c a s t  shows th a t  i t  h as s e t ,  
In tim a te ly  in  c o n tac t w ith  th e  stump a l l  around. The c a s t  b e fo re  i t  i s  
removed, i s  th e re fo re  re in fo rc e d  by ap p ly in g  a  4" p l a s t e r  bandage, u s in g
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warm w ater f o r ■q u ic k -s e t t in g , (F ig s . 22d, e & f ) .  A fte r  th e  p la s t e r  lias s e t ,  
th e  upper ends o f th e  c a s t in g  socks a re  r e f l e c te d  over th e  c a s t  (F ig , 22g) 
and th e  c a s t  i s  then  g e n tly  removed from th e  stump.
Keeping th e  second (o u te r)  c a s tin g  sock r e f le c te d  over th e  c a s t ,  th e  
f i r s t  ( in n e r)  c a s t in g  sock a lo n g  w ith  th e  r e l i e f  pads a tta c h e d  to  i t  i s  then  
c a r e f u l ly  removed from w ith in  th e  c a s t  (F ig . 22h). The second c a s t in g  sock i s  
l e f t  u n d is tu rb ed , and th e  i n t e r i o r  o f  th e  c a s t  i s  in sp ec te d  b e fo re  p o u rin g  
th e  p la s t e r  to  o b ta in  th e  p o s i t iv e  mould. The in sp e c tio n  would re v e a l th a t  
th e  r e l i e f  pads have l e f t  re c e s se s  f o r  th e  p re s su re  s e n s i t iv e  a re a s  (F ig „2 2 i). 
The P o p l i te a l  pad ly in g  betw een-the  second c a s t in g  sock and th e  p l a s t e r  c a s t ,  
produces th e  d e s ire d  inward bu lge  in  t h i s  a re a  (F ig . 2 2 j) . The in n e r w a ll a t  
th e  r e s t  o f  th e  p la c e s  conforms to  th e  shape o f  th e  stump, a s  i t  has s e t  
under a i r  p ressu re ,,
5. HANAGHiMT OF THE POSITIVE MOULD .
T h e .p o s it iv e  mould i s  o b ta in ed  by p o u rin g  p l a s t e r  w ith in  th e  p re s su re  
c a s t .  In  th e  mould o b ta in ed  from th e  p re s su re  c a s t ,  most o f  th e  n e c e ssa ry  
r e c t i f i c a t i o n s  a re  a lre a d y  th e re .  The b u i ld  up r e c t i f i c a t i o n s  a r e  produced 
by th e  re c e s se s  in  th e  n e g a tiv e  c a s t .  The re d u c tio n  r e c t i f i c a t i o n s  in  th e  
p re s su re  to le r a n t  a re a s  have been produced by th e  con tours o f th e  c a s t  formed 
under a i r  p re s su re  (F ig . 23a & b)„ The P o p l i te a l  im pression  has been produced 
by th e  p o p l i te a l  pad (F ig .2 3 c ) ,
The on ly  p la s t e r  work to  be done on th is , mould i s  to  c u t a  P a t e l l a r -  
tendon groove and c o n s tru c t a  p o s te r io r  .f la re  f o r  th e  back brim  o f th e  
so ck e t. The mark in d ic a t in g  th e  le v e l  fo r  c u t t in g  t h i s  groove has a lre a d y  
been t r a n s f e r r e d  to  th e  p o s i t iv e  mould from th e  m arking on th e  n e g a tiv e  c a s t .  
T his p o in t re p re s e n ts  th e  m id -p a te lla r- te n d o n  le v e l  (F ig .2 3 a ) . The le v e l  f o r  
c o n s tru c tio n  o f  p o s te r io r  f l a r e  and socket tr im  l in e s  a r e  then  drawn over th e  
p o s i t iv e  mould by an in d e l ib le  p e n c il  a s  shown in  F ig .2 3 a , b & c . The 
h o r iz o n ta l  l i n e  over th e  p o s te r io r  a sp e c t o f  th e  mould drawn a t  m id -p a te l la r  
tendon le v e l  r e p re s e n ts  th e  back brim  o f  th e  so ck e t. N ext, l i n e s  drawn from 
th e  m iddle o f  th e  p a te l l a  and upwards on e i th e r  s id e  g ives th e  shape o f  th e  
m edial and l a t e r a l  socke t w a lls . These l in e s  a r e  then  drawn tow ards th e  
p o s te r io r  brim  l i n e .
A h o r iz o n ta l  groove i s  cu t to  a  depth o f  about over th e  h o r iz o n ta l  
mark in d ic a t in g  le v e l  fo r  c u t t in g  th e  p a t e l l a r  groove. The groove shou ld  be 
about 1-|-M lo n g  and -J'1 to  1" w ide. The upper and low er edges o f  t h i s  groove 
should  be curved smoothly tow ards th e  p a te l l a  and th e  t i b i a l  tu b e rc le ,,
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A fte r  th e  groove has been cu t th e  a n te ro -p o s te r io r  dim ensions a t  t h i s  le v e l  
a re  checked w ith  th o se  reco rded  a t  th e  tim e of stump m easurem ents, and th e  
two should  be w ith in  th e  same ran g e .
To c o n s tru c t th e  p o s te r io r  f l a r e  p l a s t e r  i s  added above th e  p o s te r io r  
tr im  l i n e .  While th e  p la s t e r  i s  s t i l l  s l ig h t ly  wet a f l a r e  i s  formed by 
smoothing th e  p la s t e r  w ith  th e  f in g e r s .  The f l a r in g  o f th e  p o s te r io r  tr im  
l in e  i s  done so th a t  th e  back brim  of the  socke t should be formed in to  a  
b road , f l a r e d  su rface  a g a in s t which th e  ham string  tendons and t h e . s o f t  t i s s u e s  
in  th e  p o p l i te a l  re g io n  can r e s t  com fortab ly  in  f le x io n .
F in a l ly  a  smooth f in i s h  over th e  e n t i r e  model i s  g iven  w ith  a wet sand 
p ap er. The stump measurements taken  i n i t i a l l y  a re  checked w ith  th a t  of th e  
model, b e fo re  a  socket i s  lam ina ted  over i t .  The f in is h e d  mould w ith  th e  
p a t e l l a r  tendon groove and p o s te r io r  f l a r e  a re  shown in  F ig .2 4 a , b & c .
The socket (F ig . 25a, b & c) i s  th en  made over th i s  mould a s  w ith - th e  
s tan d a rd  P .T .B . lay -u p  f o r  f a b r ic a t in g  a  p o ly e s te r  so ck e t, w ith  a  P e l i t e  
l i n e r .  I t  i s  no t p roposed -to  d iscu ss  th e  socket lam in a tio n  p rocedu re .
However, i t  i s  f e l t  th a t  a  m ention should be made about th e  P e l i t e  l i n e r .
The l i n e r  i s  made of 5 i n  th ic k  P e l i t e .  At i t s  d i s t a l  end a i "  b u ild -u p  
o f P la s ta z o te  in  the  form of a  cup (F ig .2 6 a  & b) i s  made to  p rov ide  some 
r e s i l i e n c e  a t  th e  bottom  of th e  socket on w eight b e a rin g .
The socket so formed would be a  t o t a l  c o n ta c t socket w ith  co n tou rs  
and shape designed on sound biom echanical p r in c ip le s .
CHAPTER IX
CRITERIA. FOR SELECTION OF PATIMTS FOR PRESSURE. CAST SOCKETS
The c r i t e r i a  f o r  s e le c t io n  o f p a t ie n ts  fo r  f i t t i n g  w ith  p re s su re  c a s t  
sock e ts  i s  d iscu ssed  under two headings i . e .  f o r  th e  purpose o f  c l in i c a l  
t r i a l s  and in  ro u tin e  p r a c t ic e .
1. SELECTION' OF PATIENTS FOR THE PROJECT
For th e  purpose o f conducting  th e  c l i n i c a l  t r i a l s  sm oothly, i t  was 
decided  th a t  on ly  a c t iv e ,  w ell m o tiva ted , v o lu n te e r  p a t ie n t s  would be 
s e le c te d .
B e f o r e  s e le c t in g  th e  p a t ie n ts ,  they  were b r ie fe d  abou t th e  concept o f  
th e  proposed p r o je c t ,  th e  d u ra tio n  o f th e  e x e rc ise , and th e  expected  r e s u l t s  
to  be ach ieved . I t  was made c le a r  to  them th a t  t h e i r  co o p era tio n  and h e lp  in  
making th e m s e lv e s 're a d ily  a v a i la b le  d u ring  th e  e n t i r e  phase o f  th e  p ro je c t  
would be an e s s e n t ia l  c r i t e r i a  f o r  t h e i r  s e le c t io n  f o r  th e  p ro je c t,,
I t  was decided , th a t  f o r  th e  purpose o f  c l i n i c a l  t r i a l  o n ly  a c t iv e  
P a te lla r-T en d o n -B earin g  limb w earers w ith  good f i t t i n g  would be s e le c te d .
I t  was r e a l i s e d  th a t  a  p a t ie n t  W ith  an u n s a t is fa c to ry  lim b would be r e a d i ly  
s a t i s f i e d  w ith  even a m arginal improvement in  any o th e r lim b. I t .w a s  th e re ­
fo re  considered  e s s e n t ia l  to  have good P .T .B . w earers in  t h i s  t r i a l  to  
enable us to  ev a lu a te  th e  r e s u l t s  o f  th e  below-knee so ck e ts  produced by th e  
p re s su re  c a s tin g  tech n iq u e .
A d e c is io n  was made to  expose s ix  p a t ie n ts  to  c l i n i c a l  t r i a l s  i n i t i a l l y ,  
keeping  in  mind th e  o th e r re se a rc h  commitments and th e  l im ite d  p ro d u c tio n  
c a p a b i l i t i e s  o f  th e  u n i t .  However, i f  tim e p e rm itte d  more p a t ie n t s  would be 
f i t t e d  w ith  t h i s  type o f so ck e t,
2. SELECTION OF PATIENTS HI ROUTINE PRACTICE
I t  i s  now proposed to  co n sid e r th e  c r i t e r i a  in  g en era l f o r  s e le c t io n  o f 
p a t ie n ts  fo r  P re ssu re  Casted T o ta l C ontact Below-Khee S o ck e ts.
(a) AGE OF THE PATIENT
Age i s  no b a r f o r  f i t t i n g  o f a  limb w ith  th i s  type o f  so c k e t. B esides 
young a c t iv e  lim b w earers i t  i s  eq u a lly  in d ic a te d  f o r  th e  c h ild re n  and 
e ld e r ly  am putees.
I t  has in  f a c t  sp e c ia l  a p p l i c a b i l i ty  f o r  e ld e r ly  am putees. These 
ischaem ic stumps a re  u n su ita b le  fo r  b e a r in g  lo c a l is e d  h igh  p re s su re s  a t  
c e r ta in  sp o ts  and le s s  o r no p re s su re  a t  o th e r s i t e s .  L o c a lised  p re s su re s
b e s id e s  cau sin g  d iscom fort and p a in  le a d  to  form ation  o f d i s t a l  oedema, 
ag g rav a tio n  o f ischaem ic m a n ife s ta tio n s , and p o s s ib le  break-down o f th e  
stump.
The P re s su re  C asted Socket b e in g  a . t o t a l  c o n tac t so ck e t, should h e lp  in  
d i s t r ib u t in g  th e  p re s su re s  over th e  g re a te s t  p o s s ib le  stump su rfa c e , th e reb y  
p ro v id in g  a  com fortab le  f i t .  The in te rm it te n t  p o s i t iv e  p re s su re s  a p p lie d  to  
th e  stump du rin g  m ik in g  cycle  h e lp s  in  venous and lym phatic d ra in ag e , and 
r e tu rn  o f b lood  flow . T his ag a in  i s  a  f a c to r  of. g re a t im portance fo r  keeping  
th e  stump in  a  h e a lth y  condition ,, B e t te r  senso ry  feed-back  p rov ided  by  th e  
socket i s  o f  immense v a lu e  to  an e ld e r ly  amputee, whose power o f b a lan c in g  
and c o -o rd in a tio n  a re  a s  such im paired due to  normal ag e in g  p ro c e ss .
In  c h ild re n  and a d o le sc e n ts  th e  problem i s  o f  re p la c in g  th e  so ck e ts  to  
keep pace w ith  th e  growth, a t  freq u e n t in te rv a ls ,, This problem  i s  common to  
any type o f  f i t t i n g .  .
(b) SEX OF THE PATIENT
The so cke t i s  s u i ta b le  f o r  both  men and women.
(c) AGE OF THE'STUMP
D uring th e  f i r s t  few months a f t e r  am putation , th e re  i s  a tendency fo r  
th e  stump to  sh r in k . Shrinkage tak es  p la c e  due to  r e s o lu t io n  o f th e  p o s t­
o p e ra tiv e  oedema, and a tro p h y  o f th e  m uscles. Though th e  sh rin k ag e  o f  th e  
stump due to  re s o lu tio n  o f  oedema i s  d e s ira b le ,  too much m uscle a tro p h y  i s  
unwanted. In  a  stump th e  amount o f sh rinkage  a t t r i b u t a b l e  to  m uscle a tro p h y  
i s  dependent upon th e  type  o f am putation done and th e  ty p e  o f  so cke t p ro v id ed .
3h a stump in  which cu t ends o f th e  m uscles have been a llow ed  to  r e t r a c t ,  
th e  muscle power i s  d im inished . H uscles in  such a  stump h av in g  l o s t  t h e i r  
d i s t a l  a ttachm en ts  a tro p h y  r a p id ly .
In  a m yop iastic  stump, where opposing group o f m uscles a r e  r e - a t ta c h e d  
under s u i ta b le  te n s io n , m uscles c o n tra c t  is o m e tr ic a l ly  and th u s  w il l  n o t 
a tro p h y  to  th e  same e x te n t. F u r th e r , a  t o t a l  c o n tac t so ck e t, a c ts  a s  a  
v a sc u la r  pump, m a in ta in in g  adequate  v a sc u la r  supp ly  and in  tu rn  p re v e n tin g  
th e  m uscles from a tro p h y .
In  a  new amputee, th e  amount o f stump sh rinkage  w ith  P re s su re  C asted  
Socket would th u s  be la rg e ly  due to  re s o lu t io n  o f th e  oedema, and would need 
change o f th e  socket when i t  has taken  p la c e . The m uscular a tro p h y  would be 
m inimized and th e  sockets  would n o t need  freq u e n t changes once th e  stump had
s t a b i l i s e d .
(d) LENGTH OF THE STIJIfP
The id e a l le n g th  o f th e  stump. f o r  f i t t i n g  such a socket i s  about 5g-"“
6” from th e  l i n e  of th e  knee j o i n t .  However a s  sh o rt a s  3” -  3jVn o f stump 
le n g th  could be accommodated.
'(e) OOHDITIOIT OF TI-IE PRESSURE .SENSITIVE AREAS
Small ad h eren t p a in le s s  s c a rs  over th e  low er cu t and o f th e  t i b i a  a re  
no c o n tra - in d ic a t io n  f o r  f i t t i n g  w ith  such a so ck e t. However, g ross ten d e r 
le s io n s  a r e  n o t s u i ta b le  as  th e  x ^essu res  ex erted  may n o t be to le r a b le  to  
th e  x>atient0
. Stumps w ith  sharp bony spurcs a t  th e  low er cu t end o f th e  bones a re  
a ls o  no t s u i ta b le  fo r  f i t t i n g  w ith  t h i s  type  o f  socket fo r  s im ila r  re a so n s .
Stumps in  which th e  cu t ends o f th e  bones a re  no t w e ll covered  w ith  
s o f t  t i s s u e s  and a r e  prom inent, p ro v is io n  o f such a socket i s  p o s s ib le  on ly  • 
by compromising w ith  some elem ent o f t o t a l  c o n tac t ph ilo sophy . The r e l i e f  
in  th e se  a re a s  has to  be s u f f ic ie n t  to  p reven t i t s  coming in to  c o n ta c t w ith  
th e  d i s t a l  socket w a ll. Norm ally, th e  amount o f r e l i e f  p ro v id ed  i s  j u s t  
s u f f ic ie n t  fo r  th e  p re s su re  s e n s i t iv e  a re a s  to  be accommodated d u rin g  
w eight b e a r in g . In  f a c t  on f u l l  w eight b e a r in g  th e se  a re a s  a r e  j u s t  in  
c o n tac t w ith  th e  socket w a ll, c o n tr ib u tin g  some p re s su re  d i s t r ib u t io n  a s  
mere touch 'down x>ressure.
( f )  CONDITION OF PRESSURE TOLERANT AREAS •
The sk in  and subcutaneous t i s s u e  should  be h e a lth y  in  o rd e r to  
to l e r a te  p re s su re s  on. th e  stump. V/ell h e a le d  s c a rs , and h e a lth y  sk in  
g r a f ts  over th e se  a re a s  a r e  no c o n tra - in d ic a t io n  fo r  f i t t i n g  such a  so ck e t. 
However, i f  th e  sk in  i s  th in  and u n s ta b le  and l i k e ly  to  break-down, 
e sp e c ia l ly  over im portan t m ajor w eight b e a r in g  a re a  l i k e  p a te l la r - te n d o n , 
th i s  socket i s  no t in d ic a te d .
Sm all, lo c a l is e d  a re a s  o f u n s tab le  sk in  o r s e n s i t iv e  a re a s  in  l e s s  
im p o rtan t- w eight b e a rin g  a re a s  o f th e  stump can be accommodated by providing 
r e l i e f  to  th e se  a re a s .
A stump w ith  m a n ife s ta tio n s  o f  advanced ischaem ic changes, however, i s  
n o t s u i ta b le  fo r  th i s  so ck e t. Such a, stump in  a l l  p ro b a b i l i ty  in  fu tu re  
may need f u r th e r  su rgery , p o s s ib ly  am putation  a t  a  h ig h e r 'le v e l*
( s )  COJTDITIQLT OF TJIB 'KN353- JOIIIT
Mere p resen ce  o f a r th r i t i c 'c h a n g e s  in  th e  knee j o in t  i s  n o t a  co n tra ­
in d ica tio n ., However, i f  movements a t  th e  knee jo in t  a re  p a in fu l  and in ­
to le r a b le  i t  i s  n o t in d ic a te d . The b e s t  guide i s  th e  s t a t e  o f  m o b ility  011 
such a k n e e 'p r io r  to  am putation . I f  he could walk d e s jjite  p a in  .in th e  knee, 
he would p ro b ab ly  be a b le  to  do i t  ag a in  w ith th e  p ro s th e s is .
An .unstab le .knee  j o in t  fo llo w in g  trauma or d isea se  p ro cess  i s  a ls o  n o t 
s u i ta b le  fo r. th i s  socket because th e 'p r o s th e s is  w ith  such a  so ck e t does n o t 
p ro v id e  much knee s t a b i l i t y .
CHAPTER X 
THE CLINICAL TRIALS OF THE SOCKET
A fte r  hav in g  f in a l i s e d  th e  tech n iq u e  o f a i r  p re s su re  c a s t in g  p rocedure ,
a c l i n i c a l  t r i a l  was o r ^ n i s e d  to  determ ine w hether or no t th e  c a s t in g  
techn ique  r e s u l t s  in  p ro d u c tio n  o f  s a t i s f a c to r y  so ck e ts .
T h e 'p ro v is io n  o f an a c c u ra te ly  f i t t i n g  socket i s  e s s e n t ia l  fo r  com fort 
and fu n c tio n . To determ ine th e  adequacy o f th e  socket f i t ,  i t  i s  th e re fo re
e s s e n t ia l  to  have means o f e v a lu a tio n  o f th e  stum p-socket r e la t io n s h ip .
The assessm ent techn iques commonly employed in  ro u tin e  day to  day p r a c t ic e  
a re :
. O bservations made by th e  p r o s th e t i s t  o f th e  so ck e t design  
and subsequent f i t t i n g  and check out p ro ced u res .
. . Use o f m a te r ia ls  such a s  talcum , chalk , c lay  o r l i p s t i c k  
in  d e term in ing  th e  c o n tac t f i t 0
• P a t ie n ts  comments re g a rd in g  com fort and f i t  o f th e  so ck e t.
The above t e s t s  by th e  p r o s th e t i s t  and th e ' feedback from th e  p a t ie n t  
a re  u s u a lly  th e  f a c to r s  th a t  a id  th e  p r o s th e t i s t  in  d ec id in g  about th e  
adequacy o f  th e  socket f i t .  S ince th e  p a t ie n ts  accep tance  o f  th e  p ro s th e s is  
i s  a  s tro n g  f a c to r ,  i t  i s  u s u a lly  co n sidered  a s a t i s f a c to r y  f i t ,  i f  he i s  
com fortab le and th e  p r o s th e t i s t  i s  s a t i s f i e d  w ith  th e  accu racy  o f  socket f i t  
and d esig n .
However, i t  i s  h ig h ly  d e s ir a b le  th a t  some p o s i t iv e  method o f e v a lu a tio n  
o f th e  c r i t i c a l  r e la t io n s h ip  between th e  stump and socket should  be a v a i la b le , . 
R ad io lo g ica l exam ination has been found to  be a sim ple, p r a c t i c a l  and most 
r e l i a b l e  method a v a i la b le  fo r  de term in ing  th e  socket f i t .
The use o f tra n sp a re n t check so ck e ts  f o r  v is u a l  assessm ent o f  th e  socke t
f i t  d u rin g  th e 'd ev e lo p m en ta l s tag es  o f  a .technique,, p lay s  a  v e ry  im portan t 
r o le .  I t  i s  now e x te n s iv e ly  used a l l  over th e  Y/orld in  re s e a rc h  work.
On f i t t i n g  a so ck e t, i f  th e  p a t ie n t  does n o t complain o f p a in  or
d isco m fo rt, and th e re  i s  no evidence o f s igns o f ex cessiv e  p re s su re s  over
th e  stump, i t  i s  presumed th a t  th e  p re s su re s  encountered over th e  stump a re  
to le r a b le .  However, more r e c e n t ly  in  o rd e r to  a id  in  im proving th e  p ro s th e t ic  
f i t ,  s tu d ie s  a r e  being  done to  •determine th e  le v e ls  o f  p re s su re  d i s t r ib u t io n  
between th e  socket and th e  stump. To determ ine th e  p re s su re s  in  th e  c r i t i c a l  
reg io n s  o f  th e  below-knee stump s u i ta b le  tra n sd u c e rs  a re  b e in g  employed.
Use of. therm ography in  study ing  the  tem peratu re  f lu c tu a t io n s  th a t  occur fo r  
c e r ta in  p re ssu re  in te n s i t i e s  and d u ra tio n  a re  being  in v e s t ig a te d . Some 
w orkers a re  t ry in g  to  study the  e f f e c t s  of p re ssu re  and sh ea rin g  fo rc e s  
b y •employing po lyure thane  foam sock im pregnated w ith m icrocapsu les of blue 
dye. These m icrocapsu les g e t crushed Y/hen p re s su re s  and sh ea rin g  fo rc e s  a re  
developed and s t a in  the  sock. By s tu d y in g  th e  degree o f s ta in in g  some rough 
id ea  i s  ob ta ined  about th e  in te n s i ty  of th e  p re s su re s .
These p re ssu re  s tu d ie s  a re  s t i l l  under in v e s t ig a t io n ,  and would take 
some tim e befo re  becoming e s ta b lis h e d  techn iques in  stum p-socket e v a lu a tio n .
In  the c l i n i c a l  t r i a l s  of th e  socke ts  made by a i r  p re ssu re  c a s tin g  
p rocedure, i t  v/as decided to  c a r ry  out tra n s p a re n t check socket and ra d io ­
lo g ic a l  e v a lu a tio n s  in  a d d itio n  to  th e  ro u tin e  p ro cedu res. P re ssu re  s tu d ie s  
were no t c a r r ie d  out due to  la c k  of tim e and f a c i l i t i e s .
The c l i n i c a l  t r i a l  was planned to  be c a r r ie d  out in  tv/o p h ases . In  the 
f i r s t  phase th e  techn ique Y/as to  be te s te d  under la b o ra to ry  env ironm ents, 
making use o f experim ental check so ck e ts . In  the  second phase f i e l d  t r i a l s  
were to  be c a r r ie d  out by making use of d e f in i t iv e  p la s t i c  lam ina te  so ck e ts .
1 . TRIALS vVITIi EXPERIi.'SITTAL SOCKETS
To study  th e  r e la t io n s h ip  between th e  am putation stump and socket of the  
p ro s th e s is ,  i f  th e  socket could be made o f a tra n s p a re n t m a te r ia l ,  i t  would 
be of immense h e lp . I t  would enab le  v is u a l  assessm ent of the f i t  and p re ssu re  
d is t r ib u t io n  o f th e  stump in  th e  socket through i t s  t ra n s p a re n t w a lls ,  and 
would prove a u se fu l to o l  d u ring  th e  developm ental s tag es  of a p a r t i c u la r  
stump c a s tin g  tech n iq u e .
I t  i s  n ecessa ry  th a t  th e  m a te r ia l used f o r  making such experim en tal 
so ck e ts  b esid es  be ing  t r a n s p a re n t ,  should have adequate s tre n g th  to  s u s ta in  
th e  loads norm ally  tra n sm itte d  to  i t  during-w eigh t b earin g .
Since during  th e  developm ental s tag e s  of a  tech n iq u e , to  e v a lu a te  the  
r e s u l t s ,  one has to  do rep ea ted  experim ents i t  i s  d e s ira b le  th a t  th e  method 
o f making such so ck e ts  be reasonab ly  sim ple and d o e sn 't  tak e  much tim e.
I t  v/as th e re fo re  considered  n ecessa ry  to  conduct the  i n i t i a l  t r i a l s  by 
employing some s u i ta b le  tra n sp a re n t m a te ria l f o r  c o n s tru c tin g  a  check s o c k e t.
(a) P o lycarbonate  check so ck e t. To make tra n s p a re n t so ck e ts  fo r  
i n i t i a l  t r i a l s ,  i t  was decided  to  use P o lycarbonate , a  th e rm o p la s tic  
m a te r ia l ,  a s  i t  meets many o f th e  requirem ents,,
T h is  th e rm o p la s tic  m a te r ia l  i s  r e a d i ly  a v a ila b le  under th e  tra d e  
name Lexan. P o lycarbonate  sh ee ts  a r e  a v a i la b le  in  a  range o f th ic k n e sse s  
s u i ta b le  fo r  vacuum forming* This m a te r ia l when h ea ted  to  abou t 250°C 
becomes q u ite  s o f t 'a n d  can be ra p id ly  vacuum formed over th e  p l a s t e r  p o s i t iv e  
mould to  produce a  tra n sp a re n t socket*
This material has some drawbacks . Though it has adequate stiffness 
and good impact resistance, it has poor fatigue properties. Local stresses 
arising from bolts or rivets may give rise to serious stress cracking on 
X^rolonged usage of the socket. It is therefore not suitable for making 
permanent sockets*
However i t s  use in  making check so ck e ts  fo r  socket e v a lu a tio n  has 
been found to  be  very  b e n e f ic ia l  because o f i t s  tran sp a ren cy . T h e ir  use in  
la b o ra to ry  environm ents f o r  l im ite d  p e rio d s  d o e s n 't  r e s u l t  in  any s e r io u s  
d e fe c t.
The i n i t i a l  t r i a l s  w ith  such so ck e ts  was s ta r te d  in  August 1976, 
fo llo w in g  a  s e r ie s  o f experim ental c a s ts  and f i t t i n g s .  The check so cket 
w ith  c u ff  suspension  s tra p  was a t ta c h e d  to  th e  e n d o -sk e le ta l shank and fo o t 
( F ig ,27 a  & b) to  make a  tem porary lim b, fo r  e v a lu a tin g  th e  r e s u l t s  o f socket 
f i t .
(b) S u b jec ts  fo r  th e  t r i a l . S ix  j ja t ie n ts  o r ig in a l ly  s e le c te d  fo r  th e  
re se a rc h  p ro je c t  were f i t t e d  w ith  th e  tra n sp a re n t check so ck e ts  to  a s s e s s  
th e  c h a r a c te r i s t i c  fe a tu re s  o f th e  so cke t made from a p re s su re  c a s t .
R elevan t in fo rm ation  011 th e  su b je c ts  in  th e  s tudy  a r e  shown in  
th e  tab le 'b e lo w : ■
PATIENTS FOR TRIAL.
S.Ho. S u b jec t • Age Date o f Amputation
S i t e  of 
■Amputation Cause o f  A m putation
1 J.A . 32yrs 22. 1.76 p k (rt) Trauma
2 R.T. 30yrs 13.11.65 bic(lt) Trauma
3 A.F. 60yrs 20 .10 .42 bk(rt) T.B. A nkle j o i n t
4 S .J .S .- 33yrs F e b .»66 bk(rt) Trauma
5 . C. F.Li. 47yrs 80 7.55 bk(rt) Throm bo-angit i s ­
o b l i t  e ran s .
6 F.D. 57yrs 21.11.63 bic(lt) Trauma
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( c ) R esu lts  of check socket e v a lu a tio n . The com fort, s t a b i l i t y  and 
fu n c tio n  o f  a  socket a re  ach ieved  p r im a r i ly  by the  a p p l ic a t io n  of c e r ta in  
biom echanical p r in c ip le s .  To accommodate d i f f e r e n t  degrees o f firm ness o f 
th e  stump and d i f f e r e n t  to le ra n c e s  to  p re ssu re  th e  socket should  have 
a p p ro p ria te  r e l i e f s  and c o n to u rs . This h e lp s  in  d i s t r ib u t in g  r e l a t iv e ly  
la r g e r  p o rtio n s  of th e  load  over th e  p re s su re  to le r a n t  a re a s  of th e  stump and 
a sm alle r p a r t  of th e  load  over th e  s e n s i t iv e  a re a s . For com fort the  socket 
should be designed to  p rovide t o t a l  co n tac t w ith  the  stump, so as  to  make 
a v a ila b le  a  g re a te r  a re a  over which to  d i s t r ib u te  weight b e a rin g  lo a d s .
In  o rd e r to  determ ine w hether th e  above param eters could  be achieved
)
by th e  a i r  p re ssu re  c a s t in g  techn ique  i t  was decided to  use tra n s p a re n t 
check so c k e ts . S ince a  po lycarbonate  socket i s  made o f a tra n s p a re n t m a te r ia l 
i t  is  easy  to  look through i t  and e s ta b l i s h  the  r e la t io n s h ip  of v a rio u s  
p a r ts  of th e  socket in  r e l a t i o n  to  th e  anatom ical s t ru c tu re s  of the  stump.
B efore the  socket was o ffe red  to  the  p a t ie n t ,  i t  was te s t e d  f o r  
accu racy  of th e  measurements. The a n te r o -p o s te r io r  and m e d io - la te ra l  
measurements taken  i n i t i a l l y  should co in c id e  w ith  those  of th e  socket brim .
I f  th e  A.P. measurement of th e  socket i s  l e s s ,  i t  7/ould not a llow  th e  stump 
to  be in s e r te d  f u l ly  in  the  so ck e t. I t  in  tu rn  would lead  to  abnormal 
r e la t io n s h ip  a t  stum p/socket in te r f a c e .  In c rease  in  th e  A .P. measurements 
on th e  o th e r hand, would cause th e  stump to  s in k  fu r th e r  in  th e  so ck e t, 
s u b je c tin g  i t  to  excessive  end p re s su re s .
The accuracy  of Ivl-L dim ensions i s  e s s e n t ia l  fo r  s t a b i l i t y  and 
com fort. I f  th e  M-L dim ensions a re  more, th e  m e d io - la te ra l s t a b i l i t y  of 
th e  socket i s  a f f e c te d ,  whereas re d u c tio n  would lead  to  d isco m fo rt and p a in  
over th e  fem oral condyles. The check so ck e ts  made by th e  a i r  p re ssu re  
c a s tin g -te c h n iq u e  were found to  conform to  th e  measurements tak en  be fo re  
c a s tin g  th e  stumps, thus th e  au th o r proceeded w ith  f u r th e r  e v a lu a tio n  
p ro cedu res.
The p a t ie n ts  were asked to  wear a  w oollen stump sock norm ally  worn by 
th e  amputees before  f i t t i n g  on th e  lim b. The sock was w ell p u lle d  up over th e  
stump, so th a t  i t  f i t t e d  in tim a te ly  wibh th e  stump a l l  around w ithout any 
gaps or w rin k le s . The p o s it io n  of the  sock over the  stump was th e r e a f t e r  
m ain tained  by e l a s t i c  webbing s tra p s  a tta c h e d  to  a  w a ist b e l t .  Over t h i s  
stump sock m arkings were made over th e  im portan t landmarks o f th e  stump.
The le v e ls  of th e  middle of th e  p a t e l l a ,  fem oral ep ico n d y les , m id -p a te l la r  
tendon p o in t and corresponding  le v e l  in  the  p o p l i te a l  re g io n  were marked.
T h e re a f te r  th e  bony s e n s i t iv e  a re a s  of the  stump were c a r e fu l ly  o u tlin e d . 
.These markings could be e a s i ly  seen through the  tra n s p a re n t  socket w a ll and 
h e lped  in  e v a lu a tin g  th e  socket f i t .
Adequate h e ig h t o f th e  socket w a lls  i s  e s s e n t ia l  f o r  com fort and 
s t a b i l i t y .  The a n te r io r  brim  in  th e  PTB socket should extend to  th e  le v e l  
o f th e  m iddle of th e  p a t e l l a ,  and the  m edial and l a t e r a l  w a lls  up to  th e  
ep ico n d y les . The m edial and l a t e r a l  w alls  should be in  co n tac t w ith  the  
e p ico n d y les , o therw ise i t  may cause i n s t a b i l i t y .  Exam ination of th e  p a t ie n ts  
w earing check so ck e ts  w ith  marked stump sock confirm ed th a t  th e  socket w a lls  
were of c o r re c t h e ig h t. The c o n tac t of th e  m edial and l a t e r a l  w a lls  w ith  
th e  ep icondy les could be seen th rough  th e  tra n s p a re n t w a lls .
The v e r t i c a l  support load  in  a below knee stump i s  borne la r g e ly  
by th e  p a t e l l a r  tendon , a  tough a re a  w ell s u ite d  fo r  the  fu n c tio n . I t  i s  
th e re fo re  very  im portan t th a t  th e  p a t e l l a r  tendon b ar in  th e  PTB socket i s  
made a t  th e  c o rre c t p la c e . I t  should be lo c a ted  a t  th e  m id -p a te l la r  tendon . 
l e v e l ,  a  po in t between th e  lov^er b o rd er of th e  p a te l l a  and upper b o rder of 
th e  t i b i a l  tu b e rc le .  I t s  p o s i t io n  h ig h e r up or below in  th e  v i c in i t y  of 
th e  bony s tru c tu re s  would cause in to le ra b le  p a in . In  a l l  th e  check sock e ts  
made by a i r  p re ssu re  c a s tin g  te ch n iq u e , i t  was confirm ed by look ing  th rough  
th e  w a lls  th a t  th ey  were c o r re c t ly  lo c a te d  a t  th e  m id -p a te lla r  tendon mark.
The top  brim  of th e  p o s te r io r  socket w all in  th e  check so ck e ts  
co in c id ed  w ith  the  mark on th e  stump sock in  th e  p o p l i te a l  re g io n , and had 
adequate f l a r e .  The inward con tour of th e  p o s te r io r  socket w a ll produced 
adequate i n i t i a l  com pression of th e  t i s s u e s  in  the  p o p l i te a l  re g io n . T his 
a n te r io r ly  d ire c te d  co u n te rfo rce  i s  e s s e n t ia l  to  m ain ta in  th e  su p p o rtin g  
a re a  of th e  p a t e l l a r  tendon over th e  ‘p a te l l a r  tendon b a r . In  i t s  absence 
th e  stump supported on t h i s  a re a  tends to  slide.dow nw ards and backwards 
in to  the  so ck e t.’ The p a t e l l a r  tendon was found w ell supported  over th e  
p a t e l l a r  tendon b a r in  a l l  th e  c a se s . Ho excessive  b u lg in g  o f th e  s o f t  
t i s s u e s  over th e  top  brim of th e  socket w a lls  was observed , and p a t ie n ts  d id  
no t re p o r t  f e e l in g  of d iscom fort o r p a in  in  th i s  reg io n .
The use of tra n s p a re n t check so ck e ts  proved of immense h e lp  in  
de term in ing  th e  lo c a t io n  and amount of r e l i e f  provided f o r  th e  p re ssu re  
s e n s i t iv e  a re a s . The ex ac t lo c a t io n  could '-be-confirm ed by comparing th e  
o u tl in e s  of the  socket r e l i e f s  w ith  th o se  of u nderly ing  stump sock m arkings. 
In  most of th e  cases i t  was found to  be c o r r e c t ly  lo c a te d .
To determ ine th e  amount of r e l i e f  over th e  p re ssu re  s e n s i t iv e  a r e a s ,  
b esid es  p a t ie n ts  r e a c t io n s ,  exam ination of th e  u n d erly in g  p ro s th e t ic  sock i s
of some h e lp . I f  th e  r e l i e f  p rovided  i s  inadequate i t  i s  r e f le c te d  as 
lo c a l is e d  a rea  of com pression of th e  p ro s th e tic  sock, whereas ex cessiv e  
r e l i e f  i s  seen as lo o sen ess  and w rin k lin g  of th e  p ro s th e t ic  sock . B esides 
lo ok ing  f o r  the  s ta t e  of the  u n d erly in g  sock to  fu r th e r  confirm  th e  f in d in g s , 
d r i l l  h o les  in  th e  socket in  d o u b tfu l a re a s  were made. T his helped  in  
o b ta in in g  much more p o s i t iv e  in fo rm atio n .
During th e  course of the  developm ental s ta g e s  o f the  te ch n iq u e , th e  
a u th o r  found th a t  to  provide adequate r e l i e f  in  th e  socket w a lls  use of 
5 m.m. th ic k  f e l t  a t  most o f th e  bony s e n s i t iv e  a re a s , except f o r  lower 
a n te r o - d i s ta l  t i b i a  which needed a d d it io n a l  2 m.m. th ic k n e ss , r e s u l te d  in
i
adequate  r e l i e f  f o r  the  s e n s i t iv e  a re a s . The use of 2 m.m. or 7 m.m. 
th ic k n e ss  f e l t  when t r i e d  r e s u l te d  in  la ck  of r e l i e f  o r ex cessiv e  r e l i e f  
r e s p e c t iv e ly .  In  one ca se , in  which th e  low er cu t end of th e  t i b i a  was 
q u ite  prom inent and had a bony sp u r, 10 m.m. th ic k n e ss  b u ild  up re s u l te d  in  
ex cessiv e  r e l i e f  le ad in g  to  lo s s  o f d i s t a l  c o n ta c t.
In  o rder to  minimise d isco m fo rt, i t  i s  im portan t to  avo id  excessive, 
p re ssu re  on th e  stump; one way to  reduce p re ssu re  is  to  in c re a se  th e  a re a  
over which fo rce  i s  a p p lie d . In  t h i s  c a s tin g  techn ique i t  has been a ttem p ted , 
by employing uniform  a i r  p re s su re , to  s e t  th e  c a s t .  To confirm  th e  c o n tac t 
between the  socket and p re s su re  to le r a n t  a re a s ,  use of t ra n s p a re n t check 
so ck e ts  has ag a in  p layed an im portan t r o le .  In  most o f th e  cases th e  f e a tu re s  
o f t o t a l  co n tac t could be e s ta b lis h e d  by in sp e c tin g  the c o n ta c t of t ra n s p a re n t 
socket w a lls  in  r e la t io n s h ip  w ith  th e  s tu m p -a ll around. In  d o u b tfu l a re a s , 
th e  spo t in s id e  th e  socket was marked w ith  co loured  chalk  which in  tu rn  
s ta in e d  th e  stump sock on re in tro d u c in g  the  stump i f  i t  was in  c o n ta c t w ith  
th e  socket w a ll. D r i l l  h o le s  made in  such a re a s  a lso  helped  in  a s s e s s in g  
th e  c o n tac t f i t .
To confirm  w hether w eight b e a rin g  was d is t r ib u te d  over th e  p ro p er 
a re a s  of th e  stump, the  stump sock weave im p rin t on the  sk in  of th e  stump 
was s tu d ie d . The p a t ie n ts  stumps were examined a f t e r  th ey  had used th e  
p ro s th e s is  w ith  th e  check sock e ts  f o r  some tim e . Due to  com pression of the  
t i s s u e s  by th e  socket .w all in  th e  w eight b ea rin g  a re a s , the  o v e rly in g  stump 
sock leav es  i t s  im prin t on th e  sk in .
The in sp e c tio n  of th e  stumps rev ea led  w ell marked stump sock im p rin ts  
in  th e  weight b ea rin g  a re as  of th e  stump, in d ic a t in g  evidence of p ro p e r w eight 
b e a rin g . The p re ssu re  s e n s i t iv e  a re a s  on th e  o th e r  hand e i th e r  had no 
markings or a t  the  most v e ry  f a i n t  im pressions in d ic a tin g  adequate r e l i e f  
from p re s su re .
I t  i s  common to  observe some redden ing  o f the  sk in  over the  
im portan t w eight b e a rin g  a re a s  of th e  stump. I t  i s  no t a cause of concern 
i f  th e re  i s .n o  p a in , d iscom fort or sensory  d e f i c i t  and th a t  i t  d isap p ea rs  
w ith in  a sh o r t tim e . I f  on the  c o n tra ry  th e  reddening  p e r s i s t s  and p a t ie n t  
com plains of p a in  or d iscom fort i t  in d ic a te s  th a t  th e  a re a  i s  su b jec ted  
to  ex cessiv e  p re s su re s .
For com fort and s t a b i l i t y  i t  i s  e s s e n t ia l  th a t  the  socket f i t s  
snugly around the  stump. I f  th e  socket i s  lo o se  i t  le ad s  to  ex cessiv e  
p is to n  a c tio n  causing  i r r i t a t i o n ,  d is c o lo ra t io n  and a b ra s io n s  over the  stump. 
The check so ck e ts  made by a i r  p re ssu re  c a s t in g  technique were te s te d  f o r  i t  
by marking th e  stump sock a t  the  le v e l  of th e  p o s te r io r  brim of 'the so c k e t, 
and ask in g  th e  p a t ie n t  to  l i f t  h is  p e lv is  on th e  amputated s id e  w ithou t 
f le x in g  th e  knee. The p ro th e s is  d id  not s l i p  more than  4" from the  marking 
on the  sock, in d ic a t in g  adequate socket f i t .  Before doing t h i s  t e s t  i t  i s  
im portan t to  check th e  suspension  system , because i f  i t  i s  a t  f a u l t  th e re  
would a lso  be p is to n  a c tio n .
I t  was found th a t  to  achieve t h i s  snug f i t  of the  so c k e t, a i r  
p re ssu re  in  th e  range of ap jjroxim ately  40 m.m. of Hg was e s s e n t ia l  a t  th e  
tim e of stump c a s t in g . P re ssu re s  in  the range of about 30 m.m. of Hg 
r e s u l te d  in  c a s ts  th a t  produced loose  so ck e ts .
In  o rd er to  make su re  th a t  the  r e s u l t s  could  be reproduced by 
employing th e  techn ique m e tic u lo u s ly , p a t ie n ts  were c a s t  re p e a te d ly . The 
r e s u l t s  of such an e x e rc ise  were very  encourag ing , in  th a t  i t  r e s u l te d  in  
n e a r ly  id e n t ic a l  socke ts  in  term s of f i t  and com fort.
(d) P a t ie n ts  r e a c t io n s . , Since th e se  tem porary lim bs w ith  
po lycarbonate  check so ck e ts  a re  no t s tro n g  enough to  s u s ta in  lo ad s  norm ally  
exx>erienced du rin g  f u l l  tim e v/ear, t h e i r  use by th e  aorputees was l im ite d  to  
la b o ra to ry  environm ents on ly . I t  i s  th e re fo re  obvious th a t  com plete feedback 
o f p a t ie n ts  re a c tio n s  would be la c k in g  a t  t h i s  s ta g e .
The amputees in  t h i s  t r i a l  were i n t e l l ig e n t  v o lu n te e rs , keen to  
h e lp  in  the  re se a rc h  work. They were made to  r e a l i s e  th e  impoartance of 
p ro v id in g  a cc u ra te  in fo rm atio n , fo r  a r r iv in g  a t  lo g ic a l  c o n c lu s io n s . The 
author, a ls o  took  a d d itio n a l p re c au tio n s  by no t p u tt in g  le ad in g  q u e s tio n s  to  
th e  p a t ie n t s .  Some of the  o b se rv a tio n s  made by th e  p a t ie n ts  about th i s  
type of socket a re  x>resented below.
The stumj) f e l t  com fortab le on w earing th e  check so c k e ts , and th ey  
d id  not experience  any abnormal p re ssu re  x>oints over th e  -stump on s tan d in g  
o r w alking. This was a n tic ip a te d  because in  th e  c a s tin g  techn ique  i t  was
aimed to  accommodate the  d i f f e r in g  degrees of firm ness of the  stump 
and d i f f e r e n t  to le ra n c e s  to  p re s su re . In sp e c tio n  of th e  check sockets  
had e a r l i e r  a lso  confirmed th a t  th e re  were adequate  p ro v is io n s  to  
p rov ide  r e l i e f  f o r  th e  p re ssu re  s e n s i t iv e  a re a s  of the  stump, and c o n tac t 
w ith  p re ssu re  to le r a n t  a re a s .
The p a t ie n ts  re p o rte d  th a t  th e  sock e ts  f i t t e d  snugly a l l  around.
T his was due to  th e  f a c t  th a t  use of a i r  p re ssu re  was made to  ach ieve  t o t a l  
co n tac t c a s t .  This f a c t  was a ls o  e s ta b lis h e d  a t  th e  tim e of check socket 
e v a lu a tio n  e a r l i e r .
I t  was re p o rte d  th a t  th e  socket was re ta in e d  more se c u re ly  over 
the stump, and i t  d id n ’t  tend  to  f a l l  o f f  th e  stump when th e  lim b was o ff  
th e  ground. T his ag a in  had been p o s s ib le  due to  in tim a te  socket f i t  and 
was' confirm ed e a r l i e r  by dem onstra ting  minimal p is to n  a c t io n .
A ll of th em .rep o rted  a d i f f e r e n t  f e e l  a t  th e  end of th e  stump due 
to  c o n tac t w ith  th e  so ck e t. T his unusual f e e l in g  was- q u ite  expec ted , 
f i r s t l y  because of d i f f e r e n t  sen sa tio n s  due to  unaccustomed c o n ta c t of 
socket a t  t h i s  p la c e , and second ly , due to  th e  absence o f s o f t  l i n e r  in  th e  
check so ck e ts . Some even expressed  doubts th a t  i f  th ey  p e r s is te d  w ith  such 
a  socket fo r  lo n g e r tim es i t  may lead  to  d iscom fort o r p a in  a t  th e  end 
of th e  stump.
They'however expressed  th a t  i t  .would be a  d e f in i te  improvement from 
th e  e x is t in g  sock e ts  in  u se , i f  th e  experim ental socke ts  were l in e d  and some 
a d d it io n a l  r e s i l i e n c e  was p rovided  a t  th e  end of th e  stump.
(e ) C onclusions. The encouraging r e s u l t s  of check socke t e v a lu a tio n  
and p a t ie n ts  fav o u rab le  responses in d ic a te d  th a t  th e  p re s su re  c a s t in g  
techn ique could  be su c c e ss fu lly  t r a n s fe r r e d  from th e  la b o ra to ry  to  c l i n i c a l  
t r i a l s  w ith  d e f in i t iv e  p la s t i c  lam inate  sock e ts  w ith  a  s o f t  l i n e r .  I t  7/as 
a ls o  decided to  p ro v id e  some e x tra  r e s i l ie n c e  f o r  th e  end of th e  stump.
2 . TRIALS WITH DBFDflTIVB SOCKETS
At th e  epd of su cc e ss fu l la b o ra to ry  t r i a l s ,  c l i n i c a l  t r i a l s  w ith  
G lass R einforced  P la s t ic  (G .R .P .) lam inate  so ck e ts  v/ere commenced in  
January  1977* The same p a t ie n ts  v/ho had p a r t ic ip a te d  in  th e  t r i a l s  e a r l i e r  
took  p a r t  in  th e  e x e rc is e . The GRP lam inate  socket was lam ina ted  over a  
c a s t  w ith  a  s o f t  5 m.m. th ic k  P e l i t e  l i n e r  between the. c a s t  and th e  socket 
to  produce com fortable lo ad in g  fo r  the  below knee stump. At th e  d i s t a l  
end of the  P e l i t e  l i n e r ,  a  4'M b u ild  up of P la s ta z o te  (F ig . 26, a  & b) in  
th e  form of a  cup was considered  e s s e n t ia l  to  p rovide some more r e s i l i e n c e  . 
a t  th e  bottom  of th e  so ck e t.
Since the  GRP socket i s  not tra n sp a re n t,-  i t  i s  d i f f i c u l t  to  
e v a lu a te  the  adequacy of socket f i t  p re c is e ly . U nder.the  c ircum stances 
some check out procedures and feedback from th e  p a t ie n t  a re  e s s e n t ia l  
f a c to r s  th a t  a id  th e  x > ro s th e tis txs d e c is io n  concern ing  the  adequacy o f - f i t .  
-However, in  view of the experim ental r e s u l t s  achieved by th i s  te ch n iq u e , 
i t  was hoped th a t  th e se  sock e ts  would a lso  have fe a tu re s  based upon sound 
biom echanical p r in c ip le s .
In  o rder to  safeguard  a g a in s t  f a l s e  con clu sio n s  by the  above 
methods a lo n e , the  au th o r f e l t  th e  need fo r  a p o s i t iv e  means of checking 
th e  GRP socket f i t .  A d e c is io n  was th e re fo re  made to  .employ ra d io lo g ic a l  
means to  determ ine i t .
I t  i s  now proposed to  d iscu ss  th e  r e s u l t s  of ev a lu a tio n  o f th e
socket f i t  under two major h ead in g s , i . e .  f in d in g s  a t  the. tim e of i n i t i a l
f i t t i n g  o f  th e  socket and, subsequen tly , a t  freq u e n t fo llow  up. The r e s u l t s
o f d e ta i le d  check, out procedure fo r  each p a t ie n t ;  r e a c t io n s  o f th e  p a t ie n t s ,  
th e  au th o r aiid the  p r o s th e t i s t  re g a rd in g  adequacy o f f i t ,  and th e  summary o f
o v e ra ll  r e s u l t s  a re  p re sen te d  in  a ta b u la te d  form in  th e  Appendices B, C & D
i
r e s p e c t iv e ly  on pages 1 21 to  132.
(a) Socket E v a lu a tio n  a t  i n i t i a l  f i t t i n g
( i )  Socket E v a lu a tio n . The so ck e ts  on in sp e c tio n  were found 
s a t i s f a c to r y  as th ey  had fe a tu re s  considered  n ecessa ry  in  a  T o ta l C ontact 
Socket as p e r th e  p r in c ip le s  of p re ssu re  c a s t in g  techn ique. The i n i t i a l  
measurements taken  co incided  w ith  those  o f th e  so ck e t, and the  so ck e ts  had 
r e l i e f s  and con tours to  accommodate d i f f e r e n t  degrees of firm ness o f th e  
stump and d i f f e r e n t  to le ra n c e s  to  p re s s u re s .’.
The socket had adequate h e ig h t of i t s  w a lls  fo r  com fort and 
s t a b i l i t y .  The top  brim of the  p o s te r io r  socket w all had adequate h e ig h t 
and f l a r e .  The inward contour of the  p o s te r io r  socket w all d id  no t cause 
d iscom fort or p a in . The s o f t  t i s s u e s  over th e  top  brim were no t found 
b u lg in g  out of the  so ck e t. I t  occurs i f  the  t is s u e s  in  the  p o p l i te a l  reg io n  
a re  e x ce ss iv e ly  compressed by th e  p o s te r io r  socket W all.
Due to  c re a t io n  of a f l a r e  a t  to p  p o s te r io r  brim , the  t i s s u e s  in  
the  p o p l i te a l  reg io n  f e l t  com fortable on bending the  knee w hile s i t t i n g .
The p a t ie n ts  could s i t  com fortably  w ith  t h e i r  knees flex ed  to  90°, w ithou t 
any discom fort a t  th e  back of the  knee, w ith  minimal bunching of th e  s o f t  
t i s s u e s  in  the p o p l i te a l  reg io n . The amputee f in d s  h is  socket uncom fortable 
w hile s i t t i n g ,  i f  the  p o s te r io r  brim i s  too  h igh  and w ith o u t.a  p ro p e r f l a r e  
to  accommodate th e  s o f t  t i s s u e s  and .ham string  tendons.
On l i f t i n g  the  p ro s th e s is  o f f  th e  ground w ithou t bending th e  knee 
minimal p is to n  a c t io n  was no ted .
The p a t ie n ts  f e l t  com fortab le in  t h e i r  so ck e ts  du ring  perform ance 
of a c t i v i t i e s  such as s tan d in g , le v e l  w alk ing , w alking on s o f t  o r uneven 
ground and going up and down in c l in e s  and s t a i r s .
In sp e c tio n  of sk in  o f  th e  stump fo r  stump sock im p rin ts  rev ea led  
th a t  th e  w eight b ea rin g  was d is t r ib u te d  over th e  p ro p e r a re a s  of th e  stump 
and th a t  th e  s e n s i t iv e  a re a s  were ad eq u a te ly  p ro te c te d . The'stum p markings 
on th e  sk in  o v erly in g  th e  m id -p a te lla r  tendon reg io n  showed evidence o f . 
c o r r e c t  lo c a t io n  of th e  p a t e l l a r  tendon b a r .
The stumps were found f r e e  from ab ra s io n s  or d is c o lo ra t io n s  
im m ediately a f t e r  th e  p ro s th e se s  were removed. The t r a n s ie n t  a re a s  of 
redden ing  u su a lly  n o tic e d  in  the  m ajo r'w eigh t b ea rin g  a re a s ,  faded away 
w ith in  a  sh o r t tim e a f t e r  removal of th e  p ro s th e se s .
To e s ta b l is h  th e  d i s t a l  c o n tac t of the  stump w ith  th e  socket w a ll, 
th e  bottom  of th e  s o f t  l i n e r  was smeared w ith  l ip s t i c k .  On re in tro d u c in g  the 
stump, i f  th e re  was d i s t a l  co n tac t th e  te rm in a l end of th e  stump sock got 
marked w ith  s ta in s .  In  one case  in  which more r e l i e f  a t  th e  te rm in a l end 
had to  be provided because of inadequate  s o f t  t i s s u e  cover and a  bony sp u r, 
i t  showed lack  of d i s t a l  c o n ta c t. However, i t  was not considered  a f a i lu r e  
o f th e  tech n iq u e , because th e  stump s i tu a t io n  demanded t h i s  m o d if ica tio n .
( i i )  P a t ie n ts  R eac tio n s . The au th o r once a g a in  took  th e  p re c a u tio n  
no t to  a sk  any le ad in g  q u estio n s  from th e  p a t ie n ts  re g a rd in g  f i t  o f th e  
so ck e t. The p a t ie n ts  were asked to  use th e  p ro s th e s is  f o r  about an hour 
b e fo re  they  were asked to  g ive t h e i r  views about th e  socket made from a 
p re s su re  c a s t .  The fo llo w in g  o b serv a tio n s  were made by th e  p a t i e n t s .  .
The socket f e l t  more com fortab le to  w ear, as th e  e n t i r e  stump 
remained w ell - supported  by the  socket w a lls . They d id  no t f e e l  any a re a s  
of h igh  p re s su re s  over the  stump le a d in g  to  d iscom fort or p a in .
The snug f i t  o f th e  socket was expressed  as " F i t s  l ik e  a  g lo v e " , 
or " f e e ls  p a r t  o f th e  body."
They a l l  re p o rte d  a  c o n stan t aw areness o f th e  f e e l in g  of touch  
a t  th e  lower end of the  -stump due to  co n tac t w ith  socket w a ll. The f e e l in g  
however was no t desc rib ed  as d iscom fort o r p a in . I t  was ex p ec ted , because 
in  the  sock e ts  th a t  had been in  use th e re  was no d i s t a l  t i s s u e  su p p o rt.
One of the p a t ie n ts ,  a case of th ro m b o -a n g itis -o b lite ra n s  com plained 
o f pa in  in  the  stump on walking fo r  about two fu r lo n g s . The p a in  in  th e
stump was the c la u d ic a tio n  p a in  due to  th e  d isea se  p rocess  r a th e r  th an  
i l l - f i t t i n g  so ck e t. On w alk ing , b esid es  p a in  in  th e  stump, he f e l t  p a in  
in  th e  sound le g  to o , and t h i s  fo rced  him to  r e s t  f o r  a  w hile  b e fo re  he 
could walk a  s im ila r  d is ta n c e  ag a in . He experienced  s im ila r  p a in  on 
w alking w ith  th e  limb th a t  he had been u s in g  p re v io u s ly .
These were the  i n i t i a l  re a c tio n s  of th e  p a t ie n ts  a t  th e  tim e 
of i n i t i a l  f i t t i n g .  I t  was decided to  g e t more feedback of the  in fo rm atio n  
a t  a l a t e r  d a te  when th e  amputees had given  the  limb a f a i r l y  ex ten s iv e  
t r i a l .
( i i i )  R ad io lo g ica l E v a lu a tio n  of th e  Socket. This in v e s t ig a t io n  
i s  one o f th e  most p r a c t ic a l  and r e l i a b le  method of o b ta in in g  in fo rm ation  
reg a rd in g  the  c r i t i c a l  r e la t io n s h ip  between th e  stump and th e  so ck e t. By 
th i s  method, in  a d d itio n  to  e v a lu a tio n  o f t o t a l  co n tac t o f th e  stump w ith  
th e  so ck e t, o th e r  param eters o f socket f i t  can a lso  be e v a lu a te d . The 
u t i l i s a t i o n  o f s u i ta b le  w eight b earin g  a re a s  o f the  stump such as p a t e l l a r  
tendon , p o p l i te a l  a re a  and t i b i a l  f l a r e s ,  and p ro v is io n  of adequate r e l i e f  
f o r  p re ssu re  s e n s i t iv e  bony a re a s  can be determ ined . This in v e s t ig a t io n  
in  a d d itio n  g ives an o p p o rtu n ity  to  d iagnose any s o f t  t i s s u e ,  bony or 
j o in t  ab n o rm a litie s  in  th e  stump.
A ll th e  s ix  p a t ie n ts  in  th i s  s e r ie s , were su b jec ted  to  th i s  
in v e s t ig a t io n ,  v/earing th e  P ressu re  Cast socket and th e  old  PTB so ck e t.
The rad io lo g ica l exam ination c o n s is te d  of an a n te ro -p o s te r io r  and l a t e r a l  
f ilm s of th e  stump during  w eight b earin g  and non-weight b ea rin g  p o s i t io n s .
A s o f t  t i s s u e  ra d io lo g ic a l  tech n iq u e  was employed fo r  ta k in g  the  
X-rays,. W ith a 3 phase, 6 p u ls e , g e n e ra to r X -ray equipm ent, u s in g  Kodak 
ra p id  p ro ce ss in g  f i lm s , th e  oijtimum s e t t in g s  were arranged  a t  100 ma,
4-8 XVP, 0 .08  s e c s . ,  and 100 cms. F .F .D .
The above technique re s u lte d  in  sh a rp ly  o u tlin in g  th e  p e rip h e ry  
of th e  stump and the  socket w a ll. The s o f t  P e l i t e  l i n e r  in te rp o sed  
between th e  stump and socket w all however threw  a  l e s s  d i s t i n c t  though 
w ell dem arcated shadow. The P la s ta z o te  (Foamed P o lye thy lene) m a te r ia l  
used as  a  b u ild  up a t  th e  end of th e  P e l i t e  l i n e r  does not throw any 
shadow, and thus appears as an a i r  space between the  bottom  of the  socket 
and the  low er end of th e  l i n e r .  In  a l l  th e  so ck e ts  made from p re ssu re  
c a s t P e l i t e  was used as  a  l i n e r .
The X -ray r e s u l t s  of th e  amputees w earing p re ssu re  c a s t  sock e ts  
a re  d ep ic ted  in  F ig u res  28 to  33. I t  i s  w orth  m entioning th a t  in  th e
photograph of an X -ray f i lm , sometimes, th e  d e ta i le d  fe a tu re s  seen in  
th e  f ilm  a re  not reproduced. In  th e  X -ray photographs of Case Ho. 2 
(F ig . 29) the  o u tlin e s  o f the  P e l i t e  l i n e r  a re  no t v i s i b l e ,  whereas in  
Case 3 and 4 (F ig s . 30 & 31) i t  i s  p o o rly  d e fin ed . The P e l i t e  l i n e r  as  
such throws a le s s  d i s t i n c t  o u tl in e  in  an X -ray f ilm , and in  the  
photographs o f th e  above cases  i t  has become even le s s  a p p a re n t. However, 
in  th e  photographs of the  X -rays of Cases 1, 5 and 6 (F ig s . 28, 32 & 33), 
th e  o u tlin e s  of th e  l i n e r  a re  c le a r ly  d e fin e d . The exam ination o f th e  
o r ig in a l  X -ray f ilm s  however show th ese  f e a tu re s  q u ite  d i s t i n c t l y  in  a l l  
th e  c ase s .
Exam ination of the' A .P. views of th e  X -ray film s  of th e  p re ssu re  
c a s t sock e ts  showed th a t  th e  r e l i e f  fo r  th e  head of f ib u la  in  th e  socket 
w a lls  were adequate and c o r r e c t ly  lo c a ted  in  a l l  c a se s . There was evidence 
o f t o t a l  c o n ta c t on w eight b e a rin g  f ilm s  in  a l l  but f o r  in  Case Ho. 4 
(F ig . 31, a  & b ) , in  which th e re  i s  some gapping between th e  d i s t a l  a  sp ec t 
o f th e  stump and th e  socket l i n e r  (marked by d o tted  l i n e s ) .  T his stump 
had poor s o f t  t i s s u e  cover a t  i t s  end, and in  a d d itio n  had a te n d e r  bony 
sp u r. I t  was th e re fo re  considered  e s s e n t ia l  to  provide e x tra  r e l i e f  to  
accommodate th i s  s e n s i t iv e  sp o t. I t  i s  th e re fo re  not co n sid ered  a  f a i l u r e  
o f th e  c a s tin g  tech n iq u e . On comparing th e  w eight b earin g  f ilm s  w ith  the  
non-weight b earin g  ones, minimal p is to n in g  e f f e c t  of th e  stump in  the 
socket v/as observed, in d ic a t in g  snug f i t  achieved  by the  p re s su re  c a s t in g  
tech n iq u e .
Exam ination of th e  l a t e r a l  views of th e  film s  ag a in  confirm  the  
presence  of t o t a l  c o n ta c t, bu t fo r  in  Case Ho. 4 (Fig* 31, c & d) the  
reasons f o r  which have a lre a d y  b een -exp la ined . In  th e se  views a lso  
minimal p is to n in g  e f f e c t  i s  n o tic e d . P a te l l a r  tendon b a r ,  th e  im portan t 
v/eight b e a rin g  a re a , of the  so cke t over th e  p a t e l l a r  tendon was found to  
be c o r r e c t ly  lo c a ted  a t  the le v e l  of the  knee jo in t  l i n e ,  v/hich re p re se n ts  
th e  mid p o in t of th e  p a te l l a r  ligam en t.
The to p  brim of the p o s te r io r  so c k e t.w a ll i s  found to  have adequate 
f l a r e  and lo c a te d  a t  th e  c o r re c t  l e v e l ,  th a t  i s ,  a t  th e  le v e l  of th e  p a t e l l a r  
tendon bar. The p o s te r io r  socket w a ll in  a l l  cases has adequate  inward bulge 
f o r  the  d e s ire d  amount of com pression of th e  s o f t  t i s s u e s .
X -ray photographs o f a l l  th e  o ld  FIB so ck e ts  a re  no t inc luded  in  
th e  th e s i s .  However a  ty p ic a l  example i s  shown in  F ig . 34> A to  D. Hone 
of th e  X -ray f ilm s  showed evidence of t o t a l  c o n tac t f i t .  The most common
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. s i te  of gapping vjas between th e  end of th e  stump and th e  so cket l i n e r .
A gap o f vf’ to  was recorded  on the X -ray p ic tu r e s .  The p a t e l l a r  
tendon b ar was wrongly p laced  in  th re e  c ase s . In  th re e  cases  th e  top  brim  
of the  p o s te r io r  socket w a ll  had no f l a r e  and caused b u lg in g  of th e  s o f t  
t i s s u e s .above i t .  S ig n if ic a n t  p is to n in g  e f fe c t 'w a s  noted in  fo u r  c ase s . 
R e l ie f  fo r  th e  head of th e  f ib u la  was e i th e r  ab sen t or wrongly p laced  in  
two case s .
I t  i s  ev iden t from th e  above th a t  how im portant t h i s  in v e s t ig a t io n  
i s  in  e v a lu a tin g  the  stum p/socket r e la t io n s h ip .  I t  h a s . f u r th e r  confirm ed 
th e  ph ilosophy  of p roducing  t o t a l  co n tac t f i t  and accuracy of o th e r  
param eters in  a below knee socket by th e  a i r  p re ssu re  c a s t in g  p rocedu re .
(b) Socket E v a lu a tio n  a t  fo llow  up. V/ith a view to  a s s e s s in g  
th e  p r o s th e t ic  f i t ,  a f t e r  th e  p a t ie n t  had given  i t  a f a i r  t r i a l ,  i t  was 
p lanned to  examine th e  p a t ie n ts  one month a f t e r  the  i n i t i a l  f i t t i n g  and 
th e r e a f t e r  every  two months. The p a t i e n t s  were in s tru c te d  to  use th e  
p ro s th e s is  w ith  th e  new type of socket a l l  th e  tim e , and to  make n o te s  of 
th e  p o in ts  in  favour o r a g a in s t i t ,  in  o rd er to  h e lp  in  e v a lu a tin g  the  
socket f i t  a t  .frequent fo llow  ups.
( i )  Follow Up One Month a f t e r  I n i t i a l  F i t t i n g . T h is  i s  the 
most im portan t s tag e  of fo llow  up. During th i s  i n i t i a l  p e rio d  of socket 
w ear, the  amputees re a c tio n s  towards any new su b je c tiv e  f e e l in g s  a re  ve ry  
sh arp . He i s  u su a lly  ab le  to  make, up h is  mind about th e  s t a t e  o f the  
f i t t i n g .  In  a  n a tu re  of work l ik e  t h i s ,  th e re fo re ,  due c o n s id e ra tio n  has 
to  be given to  t h e i r  re a c tio n s  to o , in  a d d itio n  to  ones own f in d in g s .
Socket e v a lu a tio n . The check out procedure f o r  th e
s ta t e  of socket f i t  revealed  th a t  th e  lim bs f i t t e d  w ell to  th e  am putees.
The p ro s th e se s  were in  a s a t i s f a c t o r y . s t a t e  and th e  p a t i e n t s  were 
com fortab le .
The stumps were in  h e a lth y  c o n d itio n  and th e  stump sock
im prin t on th e  sk in  showed evidence of p roper d i s t r ib u t io n  o f w eight over
p re ssu re  to le r a n t  a re a s  and of r e l i e f  over p re ssu re  s e n s i t iv e  a r e a s .
The c a l l o s i t i e s  and te rm in a l p igm enta tion  no ted  a t  th e  
tim e of i n i t i a l  f i t t i n g  in  fo u r  cases showed evidence o f r e g re s s io n .
A ll of them had got used to  th e  f e e l in g  of c o n s ta n t touch  
a t  th e  d i s t a l  end of t h e i r  stumps.
One p a tie n t  complained of d iscom fort a t  low er l a t e r a l  
s id e  of the  stump a f t e r  prolonged use of th e  p ro s th e s is .  T h is was found 
to  be due to  s l i g h t ly  more l a t e r a l  s t a b i l i s i n g  fo rc e s  over th e  stump, and
w a s  c o r r e c t e d  b y  d i s p l a c i n g  t h e  f o o t  l a t e r a l l y .
P a tie n ts  r e a c t io n s . A fte r  having  used th e  p ro s th e s is  fo r  
about a month, th e  fo llo w in g  in fo rm atio n  'was provided by the  p a t i e n t s .
The socket f e e ls  co m fo rtab le , and th ey  don’t  f e e l  t i r e d  even 
on prolonged w alk ing .
The w alking d is ta n ce  has in c re a se d , as th ey  can b ear more 
-weight on the  stump by th e  new type  of so ck e t. E a r l i e r  th ey  had to  tak e  
more w eight on th e  sound le g  to  avoid excessive  weight b earin g  on th e  
stump during  w alk ing , and thus got t i r e d  e a r l i e r .
I
Due to  the  snug f i t  of th e  so ck e t, th e  lim b f e e ls  a s  p a r t  of 
th e  body, and as a r e s u l t  th ey  have developed a b e t t e r  c o n tro l and improved 
g a i t .
I t  has been p o ss ib le  to  le ad  a  more a c tiv e  l i f e  w ith-the-new .
so ck e t.
Two p a t ie n ts  re p o rte d  improvement in  th e  s ta te  o f t h e i r  phantom 
p a in . One of them had to  ta k e .a n a lg e s ic s  in  th e  p a st to  r e l ie v e  i t ,  bu t has 
now abandoned i t s  u se .
The p a t ie n t  s u f fe r in g  from th ro m b o -an g itis  re p o rte d  improvement. 
He f e l t  more com fortab le to  walk as the  stump was w ell supported  and w eight 
b e a rin g  d is t r ib u te d  over a la r g e r  stump su rfa c e . As he could b ear more 
w eight on the  stump, th e  o th e r  lim b was re lie v e d  of much w eight b e a r in g . As 
a r e s u l t  th e  p a in  f r e e  w alking d is ta n c e  in c reased  from two fu r lo n g s  to  about 
th re e  fu r lo n g s .
F ive out of s ix  p a t ie n ts  expressed  th e  view th a t  th e  so ck e t 
made by th e  p re s su re  c a s tin g  techn ique i s  a d e f in i te  improvement over th e  
one in  e x is t in g  u se . The rem aining in d iv id u a l f e l t  th a t  i t  i s  only  
m arg in a lly  b e t te r  than  the  one he had been u sin g  in  the p a s t .
( i i )  Subsequent fo llow  up. The fo llow  up a t  subsequent two monthly 
in te r v a ls  showed th a t  th e  p a t ie n ts  remained happy w ith  the  s u c c e ss fu l outcome 
of t h i s  socket f i t t i n g .
The stumps on exam ination 7/ere found in  h e a lth y  c o n d itio n .
The c a l l o s i t i e s  and te rm in a l p igm en ta tion  on those  stumps pare sen t e a r l i e r ,  
had d isap p eared .
In  one p a t ie n t  a t  th re e  months fo llow  up, the socke t v/as found 
a  b i t  lo o se . Snug f i t  could be re s to re d  by th e  u se . o f two stump socks over 
th e  stump in s te a d  of one. The same socket a t  f iv e  months became f u r th e r
loose  and re q u ire d  re c a s t in g . This p a t ie n t  had been am putated only 
about a  y ea r back and the  socket became loose  due to  m atu ra tio n  of th e  
stump.
A ll th e  su c c e ss fu l w earers expressed  th e  w ish to  continue 
w ith  th e  new type of socke t in  p re fe re n c e  to  t h e i r  old ones.
3. C onclusions
The c l i n i c a l  t r i a l s  of th e  p re ssu re  c a s t  socke ts  have produced 
fav o u rab le  r e s u l t s .  B esides c l i n i c a l  e v a lu a tio n , th e  use o f tra n s p a re n t 
check so ck e ts  in  th e  experim en tal s ta g e s  and ra d io lo g ic a l  e v a lu a tio n  of 
d e f in i t iv e  sock e ts  has helped  in  de term in ing  the  soundness o f thb a i r  
p re ssu re  c a s tin g  techn ique  fo r  th e  p ro d u c tio n  of su cc e ss fu l below knee 
so ck e ts .
I t  i s  r e a l is e d  th a t  th e  number of th e  p a t ie n ts  i s  to o  sm all to  
a r r iv e  a t  d e f in i te  long  term  co n c lu s io n s . I t  would be w orthw hile to  ' 
expose the  techn ique to  a  la rg e r  number of p a t ie n ts  over a  p e rio d  of y ears  
under normal working co n d itio n s  in  c o n tra c to rs  p ro s th e t ic  room environm ents.
CHAPTER XI 
THE CONCLUSIONS
1. Review o f th e  P ro .iec t
The c u rre n t method o f p l a s t e r  o f p a r is  c a s t to  o b ta in  a  model o f  th e  
stump f o r  c o n s tru c tio n  o f  th e  P a t e l l a r  Tendon B earing  below-knee socke ts  
has many drawbacks. I t  re q u ire s  a h igh  degree o f s k i l l  on th e  p a r t  o f  th e  
p r o s th e t i s t  and even then a co n s id e ra b le  amount o f e r ro r  can occur. The 
v a rio u s  a tte m p ts  made by o th e r  c a s t in g  tech n iq u es  to  e lim in a te  i t s  
drawbacks have a ls o  n o t produced v e ry  s a t i s f a c to r y  r e s u l t s .
/
The socket i s  th e  most im portan t component p a r t  o f th e  p r o s th e s is .
In  th e  absence o f  an a c c u ra te ly  f i t t i n g  so ck e t, even th e  most modern 
p ro s th e s is  w ull be o f no help  to  th e  amputee. I t  was w ith  t h i s  aim in  mind 
th a t  th e  au th o r took  up a p ro je c t  a t  th e  Bioinechanical R esearch and 
Development U n it, Roehampton, London, to  d ev ise  a  c a s tin g  tech n iq u e  which 
could  m inim ise th e  fa c to r s  o f  human e r r o r  a s  f a r  a s  p o s s ib le  in  th e  p ro d ­
u c tio n  o f f i n a l  p l a s t e r  p o s i t iv e  mould.
The use o f a i r  p re s su re  o f c o n tro lle d  m agnitude and uniform  d is t r ib u t io n  
was employed f o r  c a s tin g  th e  stump w ith  th e  techn ique d ev ised  by th e  au th o r 
and know a s  nThe P re ssu re  C asting  Technique". T his techn ique  r e s u l t s  in  a  
n e g a tiv e  c a s t  which conforms io th e  shape o f  th e  stum p, and in  which most o f 
th e  n ecessa ry  p o s i t iv e  r e c t i f i c a t i o n s  a re  in co rp o ra ted . The p o s i t iv e  mould 
made ou t o f th i s  c a s t .re q u ire s  minimum p l a s t e r  work, and th u s  e lim in a te s  th e  
n e c e s s i ty  o f m ajor r e c t i f i c a t i o n s ,  which o therw ise  re q u ire s  a  g re a t d e a l o f  
tim e and s k i l l .  The p o s i t iv e  mould o b ta ined  by t h i s  tech n iq u e  r e q u ire s  no 
work to  be done o th e r than to  c u t a p a t e l l a r  tendon groove and c o n s tru c tio n  
o f  f l a r e  fo r  th e  p o s te r io r  socket brim .
B efore a c tu a l ly  im plem enting th e  th e o r e t ic a l  concept to  f i e l d  t r i a l s ,  
t r i a l s  w ith  p o lycarbonate  check sock e ts  under la b o ra to ry  environm ents were 
c a r r ie d  o u t. The tra n sp a re n t check so ck e ts  proved of immense h e lp  in  
e v a lu a tin g  th e  r e s u l t s  o f th e  socket f i t  by t h i s  techn ique. The t r i a l s  w ith  
th e  check so ck e ts  were encouraging and paved th e  way fo r  the  a c tu a l  f i e l d  
t r i a l s .
For th e  f i e l d  t r i a l s  i t  was d ecided  to  r e s t r i c t  th e  f i t t i n g ,  o f th e  
socket to  s ix  amputees only . The d e c is io n  to  l im i t  th e  t r i a l s  to  s ix  
p a t ie n ts  only was taken  in  view o f  tim e f a c to r  and th e  n a tu re  o f  th e  work.
In  an experim ent p ro je c t  l ik e  th i s  i t  was considered  e s s e n t ia l  to  l im i t  i t  to  
a  sm a lle r  number o f p a t ie n ts  t i l l  th e  tech n iq u e  was w ell e s ta b lis h e d  and had
proved i t s  m e rit .
For f i e l d  t r i a l s  lim bs w ith  G lass R ein fo rced  P la s t i c  lam in a te  • 
so ck e ts  were made from th e  p o s i t iv e  c a s t  ob ta ined  by a  p re s su re  c a s tin g  
tech n iq u e . The sockets  were found to  be s a t i s f a c to r y  a s  th ey  had a l l  
th e  fe a tu re s  considered  n e ce ssa ry  fo r  a T o ta l C ontact Socket, a s  p e r  th e  
p r in c ip le s  o f th e  P re s su re  C asting  th eo ry .
The r e s u l t s  o f  c l i n i c a l  ev a lu a tio n  showed th a t  th e  socket f i t t e d  
w ell and th e  p a t ie n ts  f e l t  com fortab le  in  i t .  R ad io lo g ica l e v a lu a tio n  
o f th e  socket helped  in  confirm ing  th e  accu racy  o f f i t  in  term s o f 
p resence  of t o t a l  c o n ta c t and in  ach iev in g  o th e r  param eters so e s s e n t ia l  
f o r  th e  su cc e ss fu l outcome o f th e  socket f i t .
The t r i a l s  showed th a t  a l l  th e  p a t ie n ts  f e l t  th a t  th e  socket made 
by p re s su re  c a s t in g  techn ique  were b e t t e r ,  and th a t  th ey  wore i t  in  - 
p re fe re n ce  to  t h e i r  p rev io u s  type o f  so ck e t. The s a t i s f a c to r y  r e s u l t s  
a r e  a t t r ib u ta b le  to  achievem ent o f  t o t a l  co n tac t f i t  and d i s t r ib u t io n  
o f  w eight b e a r in g  fo rce s  over th e  g re a te s t  p o s s ib le  su rfa c e  a re a  o f  th e  
stump, in  t h i s  type  o f so ck e t. On fo llow  up t h e i r  stumps were found 
h e a lth y , w ithou t any evidence o f s ig n s  which m ight suggest an i l l  f i t t i n g  
so ck e t. In  f a c t  th e  c a l l o s i t i e s  and te rm in a l p igm enta tion  due to  
te rm in a l congestion  in  th e  p a s t ,  d isap p eared , g iv in g  way to  smooth 
te x tu re d  h e a lth y  sk in .
I t  i s  n o t in tended  to  p u t v e ry  h ig h  claim s about t h i s  techn ique  
f o r  p ro d u c tio n  o f s a t i s f a c to r y  below-knee so ck e ts , j u s t  because a h igh  
success r a t e  has been ach ieved  by th e  a u th o r. I t  i s  w ell r e a l i s e d  th a t  
i t  i s  due to  id e a l is e d  circum stances under which th i s  p ro je c t  was c a r r ie d  
o u t. F u r th e r  th e  s e le c te d  number o f p a t ie n ts  exposed to  c l i n i c a l  t r i a l s  
i s  too sm all to  a llow  d e f in i t e  long  term co n clu sio n s .
I t  i s  im p era tiv e  th a t  th e  c l i n i c a l  t r i a l s  should be co n tinued , and
to  expose th e  techn ique  to  a la r g e r  number of p a t ie n ts  over a  p e rio d  o f  
y e a rs , under noim al working co n d itio n s  p re v a le n t in  v a rio u s  c o n tr a c to r ’ s 
p r o s th e t ic  f i t t i n g  room environm ents. However, s in ce  th e  tech n iq u e  i s  
easy to  le a rn  and has r e s u l te d  in  very  s a t i s f a c to r y  r e s u l t s  in  t h i s
p i l o t  p ro je c t  i t  i s  hoped th a t  th e  r e s u l t s  w i l l  prove to  be s im i la r ly
su cc e ss fu l in  a  more ex ten s iv e  t r i a l .
2. F u tu re  Work
I t  i s  hoped, th a t  long  term  c l i n i c a l  t r i a l s  may he con tinued  and' g ra d u a lly  
extended to  more Limh F i t t i n g  C en tres . When s u f f ic ie n t  experience  has been 
gained  on the  lo n g er term r e s u l t s  of w earing th e  so ck e t, i t  may be recommended 
f o r  g en e ra l is su e  to  s u i ta b le  am putees.
In  th e  meantime, improvements in  desig n  of th e  c a s t in g  p l in th ,  p o p l i te a l  
pad and the m a te r ia l f o r  making r e l i e f  pads i s  re q u ire d .
At p re se n t to  support th e  stump d u rin g  c a s t in g  p rocedu re , a  wooden s e a tin g  
board  i s  employed which i s  n o t considered  very  s a t i s f a c to r y .  B u i l t - in  
ex ten s io n  boards in  th e  c a s t in g  p lin th - would be a  much b e t t e r  p ro p o s it io n .
The design  of th e  p o p l i te a l  pad re q u ire s  some re s e a rc h . I t  would be an 
added advantage i f  th e  pad, b e s id e s  p roducing  th e  re q u ire d  p o p l i te a l  im pression  
in  th e  c a s t ,  could a lso  produce th e  f l a r e  a t  th e  top  p o s te r io r  brim , th e reb y  
e lim in a tin g  th e  n e c e s s i ty  o f doing th i s  p la s t e r  work on th e  p o s i t iv e  mould.
I t  i s  to  be in v e s t ig a te d  w hether th e  p a t e l l a r  tendon b a r  cou ld  be 
in c o rp o ra te d  in  the  n eg a tiv e  c a s t  i t s e l f .  I f  t h i s ,  a long  w ith  the  f l a r i n g  
o f th e  top  p o s te r io r  brim , could  become p a r t  of th e  c a s t in g  tech n iq u e , th e  
p o s i t iv e  mould would n o t invo lve  any p la s t e r  work a t  a l l .
The s u rg ic a l  f e l t  used to  make th e  r e l i e f  pads has been found v e ry  
s a t i s f a c to r y .  The fa sh io n in g  of th e  r e l i e f  pads i s  a  very  im portan t s te p  o f 
th e  p rocedure and ta k e s  tim e . I f  some s u i ta b le  m a te r ia l  could  be found which 
would n o t d e te r io r a te ,  th e se  r e l i e f  pads once made could  be s to re d  and used  
on a permanent b a s is  in  fu tu re  c a s t in g  p ro ced u res . T his would co n sid e rab ly  
reduce the  tim e taken  f o r  c a s t in g  th e  stump in  fu tu r e .  At p re se n t th e  c a s t in g  
p rocedure ta k es  approxim ately  30 -  40 m inu tes.
The p re se n t method of m anufacturing  th e  g la s s  re in fo rc e d  p l a s t i c  lam inate  
sock e ts  i s  a  tim e consuming p rocedure . I t  i s  proposed to  in v e s t ig a te  a  vacuum 
form ing techn ique f o r  making th e  sock e ts  from some T herm oplastic  m a te r ia l ,  
so th a t  th e  sockets  could  be q u ick ly  f a b r ic a te d  and th e  d e liv e ry  tim e of th e  
p ro s th e s is  reduced .
3 . O ther A p p lic a b i l i te s
The c l i n i c a l  a p p lic a t io n  o f C o n tro lled  P ressu re  C as tin g  in  s i tu a t io n s  
which re q u ire  c lo se  f i t t i n g  c a s ts  r e q u ire s  to  be in v e s t ig a te d .  The au th o r 
has t r i e d  th e  a p p lic a t io n  of th e  p r in c ip le  f o r  app ly ing  r i g i d  c a s ts  to  th e  
am putation  stumps f o r  e a r ly  m o b ility  on a de tach ab le  pylon  sh in  and f o o t .
The techn ique  has produced very  s a t i s f a c to r y  r e s u l t s .  I t  i s  now used  as a  
ro u tin e  a t  th e  Limb Surgery U n it, Queen Mary’ s H o sp ita l, Roehampton. I t  h e lp s  
in  e a r ly  m o b ility  and q u ick er m atu ra tio n  of the  stump. The techn ique has been 
su c c e s s fu lly  t r i e d  out on fo o t  am putation stumps, Symes and below-knee stum ps.
The au th o r hopes to  ex tend  th e  u se  of C o n tro lled  P ressu re  C astin g  f o r  
th e  a p p lic a t io n  of p o s t-o p e ra tiv e  p la s t e r  c a s t  d re ss in g s  fo llo w in g  v a rio u s  
s u rg ic a l p ro ced u res , in c lu d in g  am putations. I t  i s  hoped th a t  i t s  u se  in  th e  
n e a r fu tu re  may be extended to  Immediate P o s t-o p e ra tiv e  Limb f i t t i n g ,  and 
f r a c tu r e  c a s ts .
I t s  u se  in  making T o ta l C ontact Sockets f o r  th e  upper ex trem ity  i s  
under in v e s t ig a t io n .  The p re lim in a ry  t r i a l s  c a r r ie d  out so f a r  have produced 
very  encouraging r e s u l t s .  In  the  n ear fu tu re  i t s  u se  in  f r a c tu r e  b ra c in g  
and th e  m anufacture of a c c u ra te ly  f i t t i n g  s p l in t s  and b races  i s  con tem plated .
The P ressu re  C astin g  Technique developed by th e  au th o r seems to  have 
achieved  i t s  o b je c tiv e  in  making a c c u ra te ly  f i t t i n g ,  com fortab le  below-knee 
so ck e ts , th e reb y  a llo w in g  th e  p a t ie n t  to  le ad  an a c t iv e  l i f e  f r e e  from  p a in  
o r d isco m fo rt. I t  i s  hoped th a t  th e se  advantages could  be extended in  fu tu re  
to  a la r g e r  number of th e  below-knee amputee p o p u la tio n .
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